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Description 

BACKGROUND AND PRIOR ART 

5 [0001] The present invention relates to peptides, referred to as CBD-1 , CBD-2, CBM-1/TH-1 , CBM-1/TH-2, CBM- 
2/TH-1 , CBM-2/TH-2 and C-20 peptides, which are immunogenic and elicit a protective immune response against HIV 
infection in vitro. Pharmaceutical or therapeutical compositions and vaccines comprising these antigenic peptides are 
also encompassed by the present invention, as well as neutralizing antibodies which inhibit HIV infection and, when 
added to already infected cells, cause the production of defective HIV particles. Methods for diagnosis of HIV are also 

10 disclosed. 

[0002] The gp41 molecule of HIV-1 is a transmembrane protein with several important features within its ectodomain 
(amino acid residues 512 to 681; the numbering is according to Dong et al. (1). First, the amino terminus of gp41 , 
created by proteolytic cleavage of the gp160 precursor, contains a hydrophobic, glycine-rich "fusion" peptide that is 
essential for membrane fusion. Second, there are two a-helix containing domains at the N- and C-terminal of gp41 

15 with a sequence motif characteristic of coiled coils. Between these two a-helix domains there is the immunodominant 
domain including a small loop. The two a-helix containing domains are arranged in very stable six-helix bundles. Three 
N-helices (amino acids 545-590) form an interior, parallel coiled-coil trimer, while three C-helices (amino acids 628-661 ) 
pack in an oblique, antiparallel manner into highly conserved, hydrophobic grooves on the surface of this trimer. This 
structure likely represents the core of fusion-active gp41 (2, 3). A synthetic peptide referred to as T-20 (amino acids 

20 638-673 of gp41), corresponding to the C-helix domain of gp41 , was shown to block HIV-induced fusion entry in cell 
cultures and HIV-infection in virus-infected individuals (4, 5). The mechanism of this inhibition is due to the binding of 
the T-20 peptide to the N-helix domain. Thus, by blocking the entry of HIV into normal cells is one means to arrive at 
inhibiting HIV- infection. 

[0003] Lipid rafts are known to play an important role during the HIV entry process into target cells (6). Lipid rafts 
25 are glycolipid-enriched membrane microdomains, which are fundamental in the lateral organization of the plasma mem- 
brane by forming platforms that are implicated in the clustering of membrane proteins, endocytosis, signal transduction 
and membrane trafficking (7, 8, 9, 10). Lipid rafts contain sphingolipid and cholesterol-based structures that are asso- 
ciated with specific membrane proteins such as glycosylphosphatidylinositol (GPI)-linked proteins CD59 and CD90. 
Lipid rafts containing caveolin as the defining protein component are known as caveolae. Caveolins bind cholesterol 
30 directly, which stabilizes the formation of caveolin homo-oligomeric complexes (10). While lipid rafts appear to be small 
in size and dispersed all around the plasma membrane of non-polarized cells, the interaction of raft-associated proteins 
with their ligands or their cross-linking with antibodies lead to the oligomerization of raft components (9, 11). 
[0004] Lipid rafts with their associated proteins can be isolated by virtue of their insolubility in the non-ionic detergent, 
Triton X-1 00® (8). A number of pathogens including viruses have been reported to use lipid rafts and caveolae as the 
35 endocytosis route or by exerting their pathogenic effects (7, 12). In the case of HIV-1 , several groups have reported 
the implication of lipid rafts in the viral entry (6, 13, 14) and budding processes (15,16,17). 

[0005] HIV-1 infects target cells by the capacity of its envelope glycoproteins gp120-gp41 complex to attach cells 
and induce the fusion of virus to cell membranes, a process which leads to virus entry (18). The external envelope 
glycoprotein contains the binding siteforthe CD4 receptor and an hypervariable region of about 36 amino acids referred 

40 to as the V3 loop. The transmembrane glycoprotein contains a potential fusion peptide at its amino terminus, which is 
implicated in the membrane fusion process. The external and transmembrane glycoproteins (gp120-gp41 for HIV-1) 
are associated in a noncovalent manner to generate a functional complex. gp1 20 determines viral tropism by binding 
to target-cell receptors, while gp41 mediates fusion between viral and cellular membranes. The receptor complex 
essential for HIV entry into cells consists of the CD4 molecule and at least one member of the chemokine receptor 

45 family; CCR5 is the major coreceptor for macrophage-tropic HIV-1 isolates (R5), whereas for T- lymphocyte-tropic iso- 
lates (X4) the major coreceptor is CXCR4 (19, 20). Several observations have also pointed out that the initial attachment 
of HIV particles to target cells occurs through the co-ordinated interaction of the V3 loop with the cell-surface-expressed 
heparan sulfate proteoglycans and nucleolin (21, 22, 23, 24). 

[0006] Consistent with the implication of lipid rafts in the HIV-1 entry process, CD4, CXCR4 and CCR5 partition and 
50 signal in rafts after gp120-induced clustering (14) or cross-linking of the cell-surface-bound HIV particles (6), while the 
functioning of CD4 and chemokine receptors appears to require their association in lipid rafts (25, 26). Depletion of 
cellular cholesterol by the drug, (3-cyclodextrin, renders primary cells and cell lines highly resistant to HIV-1 mediated 
syncytium formation and also to infection by both X4 and R5 HIV-1 strains (27). Epithelial transcytosis of HIV-1 also 
uses the lipid raft pathway as a transport mechanism to get from the apical side to the basolateral side of the cell (28). 
55 in addition, lipid rafts have been shown to play a critical role in HIV-1 assembly and release that takes place at the 
plasma membrane. Both HIV-1 Gag and envelope protein appear to be associated with lipid rafts, a process which is 
necessary for the assembly of HIV proteins at the plasma membrane and for the budding of virions (16, 17). Recently, 
the coexpression of caveolin-1 with H IV-1 has been reported to block virus production mostly by inhibiting viral protein 
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synthesis, although some minor effects on HIV budding were not excluded (15). The region in caveolin-1 responsible 
for this latter inhibitory effect was found to be the hydrophobic, membrane-associated domain (residues 101 to 135), 
whereas the first 1 00 N-terminal amino acids, which include the oligomerization and scaffolding domains, were shown 
to be dispensable (15). Finally, transcytosis of HIV across epithelial cells have been shown to be mediated by the 

5 capacity of virus particles to bind glycosphingolipid galactosyl ceramide receptors in caveolae (28). 

[0007] Caveolae are a specialized form of lipid rafts defined by the presence of a specific protein marker, caveolin. 
They have a unique lipid composition, mainly composed of cholesterol and sphingolipids (1 0). There are multiple forms 
of caveolin: caveolin-1 and caveolin-2 are expressed as stable heterooligomeric complexes within most cell types, 
while caveolin-3 is restricted to striated muscle cells. Recent observations have pointed out that cells implicated in HIV 

10 infection, such as lymphocytes, macrophages, and dendritic cells express caveolin-1 at the cell surface (Harris et al., 
2002). Caveolin-1 contains 1 78 amino acid residues. Its central hydrophobic domain (amino acids 1 02-1 34) is thought 
to form a hairpin-like structure within the membrane with both the N-terminal domain (amino acids 1-101) and the C- 
terminal domain (amino acids 1 35-1 78) facing the cytoplasm. A short domain at amino acids 82 to 1 01 in caveolin has 
been defined as caveolin-scaffolding domain which is responsible for the formation of multivalent homo-oligomers of 

15 caveolin and also represents a domain implicated in the interaction of caveolin with different ligands (for reviews see 
(10, 41)). By using caveolin-scaffolding domain as a receptor, Lisanti and collaborators have selected caveolin-binding 
peptide motifs from phage display libraries (40, 41). Two related caveolin-binding motifs have been defined: c|)X(l)XXXXc|) 
and (|)XXXX(|)XX^, where $ is an aromatic amino acid Trp, Phe, or Tyr, whereas X is any other amino acid. 
[0008] In view of the implication of lipid rafts in HIV entry and budding process (12), any substance that interferes 

20 with the functioning of lipid rafts during HIV infection, would inhibit HIV entry and/or budding process and thus be an 
effective tool to treat and/or prevent HIV-infection. 

[0009] Ever since the discovery and isolation of LAV by Barre-Sinousi, Chermann and Montagnier in 1983 at the 
Pasteur Institute a search for effective treatment without major side effects and prevention of AIDS has been elusive. 
[0010] Treating patients with AIDS with a combination of reverse transcriptase and drugs that target HIV's protease 
25 enzyme, known in the art as "highly active a nti retroviral therapy," is effective to drive the viral load in blood to low levels. 
[0011] Thus, since 1 996, a nti retroviral drugs such as zidovudine (AZT), ritonavir, saquinavir, lamivudine, amprenavir. 
abacavir, idinavir, nelfinavir and the like, were generally used in triple-drug therapy using two reverse transcriptase 
inhibitors and one protease inhibitor, to reduce the amount of HIV in patients. However, none of these drugs entirely 
eliminates the virus. 

30 [0012] Moreover, there remains serious problems associate with the triple-drug therapy. Not only must an HIV-in- 
fected person take the drugs on a consistent schedule and for the duration of life, but these drugs are not only quite 
expensive ($1 0,000 annually or more), but toxic. Due to their toxic nature, anti retroviral drugs have known side effects 
which include nausea, vomiting, diarrhea, anemia, lipodystrophy, diabetes-like problems, brittle bones, numbness, 
tingling or pain in the hands or feet, and heart disease. As a result of these side effects many AIDS patients stop taking 

35 their medication. 

[001 3] Besides their toxic effects, one of the major difficulties with highly active retroviral therapy is drug resistance. 
Since HIV is known to constantly mutate, billions of new HIV viruses are produced in the body every day. These 
mutations change parts of the virus often rendering the drugs ineffective. 

[0014] A better solution to treat HIV is to entirely eliminate the virus by the use of immunogens that can induce 
40 humoral and cellular immune responses against HIV (42). In view of this, epitopes in the surface gp120 and trans- 
membrane gp41 envelope glycoproteins of HIV-1 have been investigated in great detail. 

[0015] The principal targets of neutralizing antibodies against HIV-1 are the surface and transmembrane envelope 
glycoproteins gp120 and gp41 (43). The HIV-1 gp120 contains three major targets for the action of neutralizing anti- 
bodies, the CD4 binding domain, the third hypervariable domain referred to as the V3 loop, and a conserved region 

45 between the V1/V2 and V3 loop that appears to be responsible for the binding of R5/X4 virus to their respective chem- 
okine receptor. Several neutralizing monoclonal antibodies have been raised against gp120, whereas against gp41 
only neutralizing human monoclonal antibodies have been isolated from HIV-infected individuals. One such human 
monoclonal antibody is MAb CL3 that recognizes 10 amino acids within the immunodominant region in gp41 (44). 
Another type of neutralizing human monoclonal antibodies are directed againstthe membrane-proximal external region 

50 of gp41 (amino acids 657-671) containing the ELDKWA epitope of MAb 2F5, known as the "Katinger epitope" (45). 
However, it should be noted that synthetic peptides corresponding to these specific epitopes in gp41 fail to elicit the 
production of neutralizing antibodies albeit generating peptide specific high titered antibodies (46, 47). Similarly, an- 
tisera raised against synthetic peptides corresponding to the N- and C-terminal heptad repeats in gp41 are nonneu- 
tralizing although they are capable of reacting with gp41 (for references see Golding et al., 2002; 48). Thus, epitope 

55 vaccines have so far been unsuccessful because they have failed to elicit neutralizing antibody production. Consistent 
with the capacity of neutralizing antibodies to control HIV infection, several studies have demonstrated that neutralizing 
antibodies directed against HIV-1 envelope glycoprotein could prevent infection in primates and accelerate clearance 
of cell-free virions from the blood (49, 50). 
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[0016] Thus, vaccines are currently being developed such as cellular vaccines, which stimulate T-cell immunity, 
antibody vaccines, peptide vaccines, naked DNA vaccines, multi-valent virus vaccines such as recombinant earn ary pox 
vaccines and combination vaccines such as a DNA vaccine combined with a fowlpox vaccine. However, due to HIV's 
extraordinary mutability and evolution into multiple subtypes or clades worldwide, an HIV vaccine prepared from one 

5 HIV clade may not be effective against a different clade or even within a given clade. 

[0017] To overcome the problems associated with different existing clades, novel vaccines have been developed 
and clinical trials are underway with a vaccine that incorporates HIV genetic material from clades A, B and C. However, 
this does not solve the problem of AIDS patients that have the remaining HIV clades D, E, F, G, H, I, J and O. It should 
be emphasized that autologous neutralizing antibodies can be isolated from patients eight to ten weeks after HIV 

10 infection. However after a period of one-year, the early virus population loses its sensitivity to neutralization as it be- 
comes replaced by mutated strains that are resistant to neutralization (51). Thus an efficient immunogen for the gen- 
eration of neutralizing antibody production should represent a conserved domain in HIV envelope glycoproteins, and 
which does not undergo selective pressure because of the essential function in the HIV infectious cycle. 
[0018] The synthetic peptide inhibitor T20 (29) blocks cell fusion and HIV-1 entry into non-infected host cells by 

15 disrupting the conformational changes in gp41 during the HIV-induced fusion process. T-20, known as Fuzeon™, is 
currently being experimentally tested in HIV-infected individuals. However tolerance to long term administration of T- 
20 and its toxicity remain at this time, unknown. Moreover, there is a rapid emergence of resistant HIV-1 in patients 
receiving T-20 (52). Another disadvantage of T-20 is that the treatment protocol uses very high amount (100 mg) of 
this synthetic peptide administered daily in order to obtain a potent inhibition of HIV infection. 

20 [0019] Due to the HIV-1 worldwide epidemic, the search for drug treatments and vaccines for HIV-1 has taken a 
prime stage over other medical diseases, including HIV-2. Treatments and vaccines for HIV-2 have not been fervently 
pursued as much as HIV-1 since HIV-2 infection occurs more slowly and there is lower viral load in HIV-2 infected 
persons. 

[0020] Thus, there is a need in the art for vaccines and pharmaceutical compositions to treat and/or prevent all forms 
25 of immunodeficiency viruses such as HIV-1 , HIV-2 and SIV for all clades. 

[0021] There is also a need in this art to provide vaccines or pharmaceutical compositions to treat and/or prevent all 
forms of immunodeficiency viruses for all clades at lower costs, with fewer side effects and which have less drug 
resistance. 

[0022] In one aspect, the present invention provides peptides and variants of such peptides capable of eliciting 
30 neutralizing antibodies that block HIV infection. In another aspect of the invention these peptides are antigens. 

[0023] In another aspect, the present invention provides antigens and variants of such antigens that are capable of 
eliciting broadly neutralizing antibodies that block infection by various types and subtypes of HIV 
[0024] In still another aspect the present invention concerns the peptides or the antigens according to the invention 
associated covalently or non-covalently with peptides corresponding to the V3 loop and/or any HIV-1 or HIV-2 envelope 
35 protein or glycoprotein or/and a foreign antigen of interest such as HBs (surface antigen of the hepatitis B virus) as 
described in US 5,314,808 or LSA3 antigen from Plasmodium falciparum as described in US 6.1 91 .270. In this regard, 
the present invention also includes mixtures of the peptides or antigens with other antigens known in the art. 
[0025] In yet another aspect the present invention provides a vaccine for prevention of HIV- infection. 
[0026] In still another aspect, the present invention provides a pharmaceutical composition as a therapeutic vaccine 
40 for treating HIV. 

[0027] In yet another aspect, the present invention provides antibodies raised against the antigens and antigen var- 
iants. These antibodies are used in immunotherapy to prevent and/or treat HIV-infection. Neutralizing antibodies that 
are used in passive vaccines are also disclosed. 

[0028] In still another aspect, the present invention provides natural neutralizing antibodies against the antigen and 
45 antigen variants. These natural antibodies are used in immunotherapy to prevent and/or treat HIV infection. Methods 
for the preparation of human monoclonal antibodies are also disclosed. 

[0029] In yet another aspect, the present invention provides a method or use of the antibodies to detect HIV. Kits 
are also disclosed. 

[0030] In still another aspect, the present invention provides a method to detect specific antibodies in HIV infected 
50 individuals. Kits are also disclosed. 

[0031] In yet another aspect, the present infection provides a method of treating and/or preventing AIDS. Use of the 
antigens and antibodies to treat HIV is also disclosed. 

[0032] In yet another aspect, the present invention provides a purified peptide comprising at least one of the se- 
quences of SEQ ID Nos. 1 to 1 8 and their use to isolate anti-HIV molecules. 
55 [0033] In yet another aspect, the present invention provides a complex of caveolin bound to the peptides of SEQ ID 
Nos. 1 to 9 and 11 to 18 to prevent HIV infection. 

[0034] These and other aspects are achieved by the present invention as evidenced by the summary of the invention, 
description of the preferred embodiments and the claims. 
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SUMMARY OF THE INVENTION 

[0035] The present invention thus relates to a pharmaceutical composition comprising at least one peptide comprising 
at least one of the following peptide sequences: 

5 

WXXXXWXXW (SEQ ID No. 1) 

where W is tryptophan or an aromatic amino acid and X is any amino acid that is not aromatic or a pharmaceutical ly 
10 acceptable salt of said at least one peptide or a variant of SEQ ID No. 1 provided that said variant immunologically 
reacts with antibodies raised against a CBD-1 peptide or a CBD-2 peptide; and a pharmaceutically acceptable vehicle. 
[0036] The present invention also provides a pharmaceutical composition wherein the peptide contained in the com- 
position is selected from at least one of the following amino acid sequences: 

15 L-E-Q-l-W-N-N-M-T-W-M-Q-W-D-K (SEQ ID NO.2) : a CBD-1 peptide sequence; 

L-T-P-D-W-N-N-M-T-W-Q-E-W-E-R (SEQ ID NO. 3) : a CBD-2 peptide sequence; 

C-T-T-A-V-P-W-N-A-S-W-S-N-K-S-L-E-Q-l-W-N-N-M-T-W-M-Q-W-D-K (SEQ ID No. 4) : a CBM-1/TH-1 peptide 
20 sequence; 

C-H-T-T-V-P-W-P-N-D-S-L-T-P-D-W-N-N-M-T-W-M-Q-W-D-K (SEQ ID No. 5) : a CBM-1/TH-2 peptide sequence; 
C-H-T-T-V-P-W-P-N-D-S-L-T-P-D-W-N-N-M-T-W-Q-E-W-E-R (SEQ ID No. 6) : a CBM-2/TH-2 peptide sequence; 

25 

C-T-T-A-V-P-W-N-A-S-W-S-N-K-S-L-E-Q-l-W-N-N-M-T-W-Q-E-W-E-R (SEQ ID No. 7) : a CBM-2/TH-1 peptide 
sequence; 

W-N-N-M-T-W-M-E-W (SEQ ID No. 8): and 

30 

W-N-N-M-T-W-Q-E-W (SEQ ID No. 9) 

or variants of the peptide sequences which comprise amino acid additions, deletions and/ or substitutions in SEQ ID 
No. 2 or SEQ ID No. 3 or SEQ ID No.4 or SEQ ID No. 5 or SEQ ID No. 6 or SEQ ID No. 7 or SEQ ID No. 8 or SEQ ID 
35 No. 9 provided that said variants immunologically reacts with antibodies raised against SEQ ID Nos. 2 to 9. 

[0037] In yet another aspect the present invention provides a composition comprising at least one of the peptides of 
SEQ ID Nos. 2 to 9. 

[0038] In yet another aspect, the present invention provides a pharmaceutical composition or a composition, wherein 
said at least one peptide has 90% to 99.9999% sequence homology to SEQ ID Nos.1 to 9. 
40 [0039] In another aspect, the present invention provides a pharmaceutical composition or a composition, wherein 
said at least one peptide is glycosylated, has introduced therein two cysteine residues to form a disulfide bridge or is 
phosphorylated. 

[0040] In still another aspect of the invention, the above-mentioned pharmaceutical composition or composition com- 
prises at least one peptide which has linker sequences attached to the N- or C- terminals. In this regard, the linker 
45 sequences are fatty acids. 

[0041] The at least one peptide comprised in the pharmaceutical compositions or compositions of the invention is 
an antigen. 

[0042] The invention also concerns the use of the composition or the pharmaceutical composition according to the 
invention for producing a drug and these compositions may used to make a vaccine. 
so [0043] Therefore, a vaccine comprising at least one of the peptides as described herein or a pharmaceutically ac- 
ceptable salt thereof and a pharmaceutically acceptable vehicle is embraced by the present invention. 
[0044] In addition to the above mentioned components, vaccines, compositions and pharmaceutical compositions 
may further comprise an adjuvant. 

[0045] In another aspect of the invention, the vaccine, the compositions and the pharmaceutical compositions can 
55 be presented in a multimeric or polyvalent manner. 

[0046] In another aspect of the invention, the vaccine, the compositions or the pharmaceutical compositions can be 
encapsulated with a polymer, liposome or micelle. 

[0047] The present invention also relates to nucleic acids encoding SEQ ID Nos. 1 to 9 such as the CBD-1 , CBD-2, 
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CBM-1>TH-1 , CBM-1-TH-2, CBM-2/TH-2 and CBM-2/TH-1 peptide sequences or variants of these peptide sequences 
such as, for example, SEQ ID Nos. 11 to 18. 

[0048] The present invention also relates to antigens that comprise any one of the sequences of SEQ ID Nos. 1 to 
9 and variants thereof. These antigens elicit protective immunity against HIV. 
5 [0049] In yet another aspect, the present invention also relates to an immunogenic antigen that elicits the generation 
of a protective immunity against HIV. This antigen comprises the following amino acid sequence: 

D-G-l-W-K-A-S-F-T-T-F-T-V-T-K-Y-W-F-Y-R (SEQ ID NO. 10) a C-20 peptide sequence. 

10 [0050] Use of the peptides or the antibodies described herein to treat or prevent HIV infection is encompassed by 
the present invention. 

[0051] Monoclonal antibodies, polyclonal antibodies, oligoclonal antibodies or antibodies with a restricted specificity 
as well as neutralizing antibodies raised against the peptides or peptide variants containing the HIV-specific caveolin- 
binding motif (CBM) as described herein are also encompassed by the present invention. 
15 [0052] In another aspect a method for detecting the presence of HIV in a biological sample, comprising contacting 
the biological sample taken from a mammal with an antibody specifically directed against HIV under conditions that 
allow the formation of an immunological complex; and detecting the immunological complex that is formed is also part 
of the present invention. 

[0053] I n yet another aspect, the present invention also relates to a method for screening a biological sample for the 
20 existence of natural neutralizing antibodies and selection of cells producing such neutralizing antibodies from HIV- 
infected individuals. 

[0054] Kits containing the peptides or antibodies are another aspect of the present invention. 

[0055] The present invention provides a purified peptide comprising at least one of the sequences of SEQ ID Nos. 

1 to 18 or variants thereof having 90% to 99.9999% homology to SEQ ID NOs.1 to 18. Their use to isolate anti-HIV 

25 molecules is also embraced by the invention. 

[0056] The present invention also relates to a method of selecting or isolating anti-H IV molecules comprising attach- 
ing the above purified peptides to a solid support; incubating with a caveolin preparation or with the C-20 peptide in 
the presence of anti-HIV molecules that prevent the interaction of caveolin or the C-20 peptide with said attached 
antigens; and selecting or isolating said anti-HIV molecules. 

30 [0057] The present invention also provides the use of a complex of caveolin orthe C-20 peptide bound to the peptides 
of SEQ ID Nos. 1 to 9 and 11 to 18 to prevent HIV infection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [0058] 

Fig. 1 are photographs from a laser scanning confocal immunofluorescence microscopy experiment illustrating 
HIV induced aggregation of caveolin-1 in the plasma membrane of MT4 cells. 

Fig. 2 is a dot-immunoblot analysis showing the recovery of caveolin in detergent insoluble higher density fractions 
40 containing also HIV-1 p24, p1 7 and gp41 . 

Fig. 3 is a schematic view of the transmembrane envelope glycoprotein gp41 showing important functional regions. 

Fig. 4 is a schematic representation showing the amino acid consensus sequence of the HIV-specific Caveolin- 

Binding Domain 1 (CBD-1) in gp41 containing the conserved caveolin-binding motif WXXXXWXXW. 

Fig. 5 shows the alignment of the consensus amino acid sequence in gp41 showing the HIV-specific caveolin- 
45 binding motif WXXXXWXXW. which is conserved in the transmembrane envelope glycoprotein among HIV-1, HIV- 

2 and SIV isolates. 

Fig. 6 is an autoradiography showing the binding of biotinylated CBD-1 peptide to caveolin in crude cell extracts. 
Fig. 7 are photographs from a laser scanning confocal immunofluorescence microscopy experiment showing the 
entry of the CBD-1 peptide into cells. 

50 Fig. 8 are graphs of the results from an ELISA of serum collected from the immunized rabbit named "Aldernay" 

using two different types of EL ISA plates coated with the CBD-1 peptide. Fig. 7 A shows the ELISA results obtained 
using a PVC plate, while in Fig. 7B Maxisorp plates were used. The optical density (OD) was measured at 450 
nm. An OD value above 0.20 was considered positive. These graphs illustrate the titration of the different sera 
collected from the immunized rabbit with the CBD-1 peptide. 

55 Fig. 9 is a graph showing HIV production of p24 from 2 to 8 days post-infection in the presence of rabbit sera from 

"Aldernay" preimmune SO and immune S5. This graph illustrates the effect of anti-CBD-1 antibodies on the HIV 
infectious cycle. The insert entitled HIV pellet is a section of Western immunoblotting showing the bands of the 
HIV core and matrix protein, p24 and p17, respectively, that are found in the HIV particles recovered from the 
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culture supernatant. This section illustrates that HIV particles are not detectable in cultures treated with the immune 
SO serum. 

Fig. 1 0 A is a histogram of p24 levels of culture supernatants from cells treated with pre-immune SO and immune 
S5 serum from "Aldernay" at specific dilutions 6 days post infection (p.i.). This histogram illustrates that addition 
5 of anti-CBD-1 antibodies at 2 days post-infection inhibits HIV infection in a dose dependent manner. The mean of 

± S.D. (standard deviation) of duplicate samples is shown. 

Fig. 10 B is a histogram showing results of MT4 cells infected with HIV-1 LAI and treated with SO and S5 serum 
from "Aldernay" at 6 days post-infection. The cell cultures were assayed for cell viability using the MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) test. Each histogram represents the mean ± S.D. 
10 (standard deviation) of quadruplicate samples. The results show that the immune serum has no apparent effect 

on cell viability. 

Fig. 11 A is an immunoblot of MT4 cells infected with HIV-1 LAI and at 2 days post-infection, the cells were sus- 
pended in fresh culture medium supplemented with a 1/1 0 dilution of the pre-immune serum from "Aldernay" (lanes 
P) orthe immune serum from "Aldernay" (lanes I). In a parallel experiment cells were infected without any treatment 

15 (lane C) or treated with 1 jaM of AZT. Cells (panel Cells) and HIV extracts (panel HIV) were analyzed using human 

positive HIV serum (section A) orthe anti-p17 antibody (section B). The position of the precursor Gag p55 and its 
cleaved products p40, p24 and p17 are shown on the right. This figure illustrates that the addition of anti-CBD-1 
antibodies at 2 days post-infection inhibits HIV infection and the overall HIV particle production. 
Fig. 12 A and B are histograms of the results from an ELISA assay of p24 concentration levels, 6 days post-infection 

20 of MT4 cells incubated with H IV-1 LAI and supplemented with rabbit sera from "Aldernay" before immunization SO 

and after each immunization (S1 to S6) at a 1/20 dilution. Fig 1 6 A is an ELISA of p24 levels in culture supernatants, 
while Fig 16 B is an ELISA of p24 levels in cells extracts. The mean of ± S. D. (standard deviation) of duplicate 
samples is shown. 

Fig. 13 are histograms of the p24 ELISA levels of the anti-CBD-1 serum SO and S4 from the rabbit "Aldernay" at 
25 various dilutions in HIV-1 LAI infected MT4 cells at 6 days post-infection. Fig. 12 A is the analysis of the culture 

supernatants, while Fig. 12 B is the analysis of the cell extracts. These histograms show a dose-dependent inhi- 
bition of HIV infection reaching > 99% inhibition at a 1/50 dilution of S4. The degree of inhibition of S4 at a 1/75 
and a 1/100 dilution was 88% and 60%, respectively. 

Fig. 14 is an immunoblot of extracts from HIV-infected MT4 cells at 6 days post-infection. Triton X-100 soluble 

30 extracts were analyzed by immunoblotting for the presence of Gag proteins (sections A and B; 12.5% gel for 

PAGE), whereas Triton-insoluble pellets were analyzed by immunoblotting for gp41 after solubilization in PAGE 
sample buffer containing 1% SDS (section C; 10% gel for PAGE). Infected cells had been treated with the pre- 
immune serum SO (at 1/25 and 1/50 dilution) and the immune serum S4 (at 1/25, 1/50, 1/75 and 1/1 00 dilution) 
as in Figure 13. The results show the enhanced accumulation of gp41 in the Triton resistant pellet obtained from 

35 HIV-infected cells cultured in the presence of increasing dilutions of the S4 serum. The enhanced accumulation 

of gp41 in the Triton resistant pellet in HIV-infected cells, point out that that HIV particles produced in cultures 
treated with anti-CBD-1 antibodies should produce defective virus particles which should manifest lower infectivity. 
Consequently, anti-CBD-1 antibodies have two distinct mode of actions: a marked effect on early stages and a 
significant effect on later stages of the HIV infectious cycle. 

40 Fig. 15 is an immunoblot showing the incorporation of caveolin-1 in HIV particles. At 7 days post-infection with 

HIV-1 LAI, M4T cells were extracted in the 1 % Triton X-1 00 containing lysis buffer (1 0 mM Hepes pH 7.6, 1 50 mM 
NaCI, 2.5 mM MgCI 2 , 1% Triton) and the Triton-insoluble pellet was solubilized in the PAGE sample buffer con- 
taining 1% SDS. The culture supernatant of the infected cells was centrifuged at 100,00g and the HIV pellet was 
extracted in the Triton lysis buffer whereas the triton-resistant pellet was suspended in the PAGE buffer. Triton and 

45 SDS soluble fractions from the infected cells and from the HIV pellet were analyzed by immunoblotting using rabbit 

anti-caveolin 1 antibodies, rabbit anti-p24 antibody, and monoclonal antibody against actin, gp120, and gp41 . In 
cell extracts caveolin is mainly soluble in SDS whereas in HIV particles caveolin is mainly soluble in Triton. Note 
the modification in PAGE migration profile of caveolin associated with the HIV pellet. 

Fig. 1 6 are graphs of the results from an ELISA of serum collected from the immunized rabbit named "Hermione" 
50 using two different types of ELISA plates coated with the C-20 peptide. Fig. 1 6 A shows the ELISA results obtained 

using a PVC plate, while in Fig. 16 B Maxisorp plates were used. The optical density (OD) was measured at 450 
nm. An OD value above 0.20 was considered positive. 

Fig. 17 is a histogram of the results of p24 ELISA levels of culture supernatants of anti-caveolin serum from the 
rabbit "Hermione" at a 1/25 dilution in HIV-1 LAI infected MT4 cells at 7 days post-infection. The results show that 
55 immune serum raised against the C-20 peptide (S2 and S3) inhibits HIV infection. 

Fig. 18 are histograms of % HIV production in culture supernatants at 5 days post- infection of primary CD4 + T 
lymphocytes by T-lymphocyte tropic (X4) HIV-1 LAI, macrophage-tropic (R5) HIV-Ba-L. an isolate resistant to the 
nonnucleoside RT inhibitor nevirapine (HIV-1 N199), an isolate resistant the HIV protease inhibitorsaquinavir (HIV- 
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1 SR), and the primary isolate HIV-1 92UG037 from Uganda. Infections were carried out in the absence (histogram 
control), or in the presence of the pre-immune serum SO (at 1/25, 1/50, and 1/100 dilution) and the immune serum 
S4 (at 1/25, 1/50, and 1/100 dilution) as it is indicated. HIV production was monitored by p24 ELISA in the culture 
supernatants. In section A, the production of HIV-1 LAI is presented in infected lymphocytes in the absence (Con- 
5 trol) and presence of AZT (0.1 uJVI). For each virus isolate, the % production of HIV was calculated in respect to 

the production observed in the presence of the preimmune serum SO. The mean of ± SD of duplicate samples is 
shown. The results show a significant inhibition of HIV virus infection in primary cultures by the anti-CBD-1 anti- 
bodies. 

Fig. 1 9 are graphs showing the kinetics of inhibition of HIV infection by the anti-CBD-1 antibodies against R5 HIV- 
10 1 Ba-L and the isolate resistant to the HIV protease inhibitor saquinavir HIV-1 SR in primary CD4+ T lymphocyte 

culture in the absence (Control) or presence of the immune serum S4 at 1/25. 1/50, and 1/100 dilutions (as it is 
indicated in the figure). Culture supernatants at 3, 4, and 5 days post- infection were assayed by ELISA for the 
concentration p24. Each point represents the mean of duplicate samples. 

15 PREFERRED EMBODIMENTS OF THE INVENTION 

[0059] As used herein, the term "HIV" encompasses any immunodeficiency syndrome that is prevalent in mammals 
such as HIV-1 , HIV-2 and SIV, as well as all clades of HIV-1 , HIV-2 and SIV. 

[0060] The term "clades" means subtypes of HIV. which are genetically distinct, but are all infectious. Clades that 
20 are well known in the art include clades A, B, C, D, E, F, G, H, I, J and O. It will be appreciated that different clades 
that are not well defined within the art at the filing of the present invention are also included in the overall definition of 
clades and are encompassed by the present invention. 

[0061] The word "peptide" refers to carbon chain comprising several amino acids glycosylated or non-glyosylated 
and carrying any post-transductional modification on at least one amino acid. 
25 [0062] The word "antigen" refers to a molecule (for example a peptide) that provokes an immune response such as, 
for example, a T lymphocyte response or a B lymphocyte response or which can be recognized by the immune system. 
In this regard, an antigen includes any agent that when introduced into an immunocompetent animal stimulates the 
production of a cellular-mediated response or the production of a specific antibody or antibodies that can combine with 
the antigen. 

30 [0063] As used herein, the term "foreign antigen" refers to any antigen except antigens from HIV or SIV. 

[0064] The term "antibody" used generically herein, encompasses polyclonal antibodies, monoclonal antibodies, 
oligoclonal antibodies and antibodies with a restricted specificity. 

[0065] The term "epitope" refers to that portion of an antigenic molecule (for example, a peptide) that is specifically 
bound by an antibody combining site. 
35 [0066] The term "bound" when referring to the complex of caveolin bound to the peptide of the present invention and 
more specifically SEQ ID Nos. 1 to 9 and 11 to 15 means held together in a complex. 

[0067] The term "nucleic acid" means a molecule encoding genetic information, composed of nucleotide subunits. 
This term refers to DNA (deoxyribonucleic acid) as well as RNA (ribonucleic acid). DNAcan be genomic DNA extracted 
from biological material or complementary DNA (cDNA) synthesized from a messenger RNA template. RNA can be 
40 total RNA, ribosomal RNA, messenger RNA (mRNA) or double stranded RNA (dsRNA) as described in WO0244321 
and WO016883 

[0068] The term "neutralizing antibody" means an antibody that influences the HIV particle in such a way that the 
replicative cycle of the virus becomes inhibited at an early phase of virus infection or virus release is blocked, orcauses 
the production of defective virus particles which are not infectious. 
45 [0069] As used herein, the term "CBM" means a caveolin-binding motif. CBM-1 refers to those sequences in HIV-1 . 
while CBM-2 refers to those sequences in HIV-2. 

[0070] As used herein the term "CBD-1 peptide" refers to a caveolin-binding domain peptide corresponding to amino 
acids 619 to 633 in HIV-1 , the numbering being according to the consensus amino acid sequence of the gp41 ectodo- 
main (1, 39, 53), which peptide is immunogenic. "CBD-1 peptide" also encompasses variants of this peptide, which 

50 include amino acid substitutions, deletions and additions. 

[0071] As used herein the term "CBD-2 peptide" refers to a caveolin-binding domain peptide corresponding to amino 
acids 662 to 676 in HIV-2, the numbering being according to the consensus amino acid sequence of the transmembrane 
envelope glycoprotein ectodomain (1, 39, 53), which peptide is immunogenic. "CBD-2 peptide" also encompasses 
variants of this peptide, which include amino acid substitutions, deletions and additions. 

55 [0072] As used herein, the terms "CBM-1/TH-1 peptide, CBM-1/TH-2 peptide, CBM-2/TH-2 peptide, CBM-2/TH-1 
peptide" refer to antigens corresponding to the region in the ectodomain of the transmembrane envelope glycoprotein 
of HIV, amino acid residues 604 to 633 in HIV-1 and amino acid residues 651 to 676 in HIV-2 (1), that contains the 
caveolin-binding motif (CBM). CBM-1/TH-1 peptide, CBM-1/TH-2 peptide, CBM-2/TH-2 peptide, CBM-2/TH-1 
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peptide" also encompasses variants of this peptide, which include amino acid substitutions, deletions and additions. 
[0073] As used herein the term "C-20 peptide" refers to a peptide found in the scaffolding domain of caveolin from 
amino acids 82 to 101 of caveolin 1, which peptide is immunogenic. "C-20 peptide" " also encompasses variants of 
this peptide which include amino acid substitutions, deletions and additions. 
5 [0074] Variants also include peptides that have a specific sequence identity with the CBD-1 . CBD-2, CBM-1/TH-1 . 
CBM-1/TH-2, CBM-2/TH-2, CBM-2/TH-1 or the C-20 peptide. "Sequence identity" means, for example, that in a se- 
quence having 60% sequence identify, 60% identical amino acids are present in the same position upon alignment of 
the sequences, which alignment can be performed by known methods in the art. 

[0075] "Antigen variants" or "variants" when referred to in the present invention are capable of or can immunologically 
10 react with CBD-1 , CBD-2, CBM-1/TH-1 , CBM-1/TH-2, CBM-2/TH-2, CBM-2/TH-1 or C-20 antibodies. 

[0076] The term "specifically reacts with" means that the antigen or antigen variant is specifically recognized by 
antibodies raised against the antigen or antigen variant. The term "specifically" when referring to antibody recognition 
of an antigen means that no cross-reaction occurs. 

[0077] "Immunological reacts with" when referring to the antigen variants of the present invention means that these 
15 antigens bind to the antibodies of the CBD-1 , CBD-2, CBM-1/TH-1 , CBM-1/TH-2, CBM-2/TH-2, CBM-2/TH-1 or C-20 
antigens. 

[0078] The term "passive vaccine" means a vaccine conferring temporary protection against an infection upon ad- 
ministration to an individual. 

[0079] As used herein the term "pharmaceutical composition" encompasses a medicinal substance having an active 
20 ingredient in a mixture or formulation that can be used to treat or prevent HIV in human beings as well as in animals. 
[0080] The term "vaccine" refers to any preparation having an active ingredient of an immunogenic material suitable 
for the stimulation of active immunity in mammals without inducing the disease. 

[0081] Unless stated otherwise all peptide sequences set forth herein are presented from the NH 2 -terminal end 
towards to the COOH-terminal end and all nucleic acid sequences set forth herein are presented from the 5' end to 
25 the 3' end. 

[0082] The present invention relates in a very general manner to a composition comprising conserved epitopes. One 
of these conserved epitopes is present in the CBD-1 and the CBD-2 peptides, which are present in the transmembrane 
envelope glycoprotein of HIV-1 and HIV-2, and which contain the HIV-specific caveolin-binding motif, WXXXXWXXW 
(SEQ ID No. 1), where W is the aromatic amino acid tryptophan, and less frequently other aromatic acids such as 
30 phenylalanine or tyrosine, whereas X is a non-aromatic amino acid. 

[0083] Antibodies raised against the CBD-1 epitope and the C-20 epitope were shown in the following examples to 
inhibit the HIV infection at early and late events in the HIV infectious cycle. 

[0084] More specifically, the present invention provides a pharmaceutical composition comprising a caveolin-binding 
motif which is specific for HIV comprising one of the following peptide sequences : 

35 

WXXXXWXXW (SEQ ID No. 1) 

40 

where W is tryptophan or an aromatic amino acid and X is any amino acid that is not aromatic or a pharmaceutical ly 
acceptable salt of said peptide sequence or a variant of SEQ ID No. 1 provided that said variant immunologically reacts 
with antibodies raised against the CBD-1 or CBD-2 peptides; and a pharmaceutically acceptable vehicle. 
[0085] It should be noted that the three tryptophan (W) aromatic residues are found at specific amino acid positions 
^5 in SEQ ID No. 1 ; i.e., at amino acid number 1 , 6 and 9. 

[0086] The pharmaceutical compositions or compositions of the present invention can be used to treat HIV-infection 
and are administered to mammals that are already sero-positive. 

[0087] In another aspect, the present invention provides a vaccine comprising a caveolin-binding motif which is 
specific for HIV said vaccine comprising one of the following peptide sequences, 

50 

WXXXXWXXW (SEQ ID No. 1) 

55 

wherein W is tryptophan or an aromatic amino acid and X is any amino acid that is not aromatic or a pharmaceutically 
acceptable salt of said peptide sequence or a variant of SEQ ID No. 1 provided that said variant immunologically reacts 
with antibodies raised against the CBD-1 or CBD-2 peptides; and 
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a pharmaceutically acceptable vehicle. 
[0088] The vaccines of the present invention provide protection against HIV infection. 

[0089] In another aspect the present invention provides a vaccine or a pharmaceutical composition said vaccine or 
pharmaceutical composition comprising an antigenic peptide CBD-1 (SEQ ID No. 2) and CBD-2 (SEQ ID No. 3) or 
5 variants of CBD-1 and CBD-2 (SEQ ID Nos. 4, 5, 6, or 7) or pharmaceutical^ acceptable salts of SEQ ID Nos. 2 to 7 
and a pharmaceutical^ acceptable vehicle. 

[0090] In another aspect the present invention provides a vaccine or a pharmaceutical composition said vaccine or 
pharmaceutical composition comprising an antigenic peptide of SEQ ID Nos. 8 or 9 or variants of SEQ ID Nos. 8 or 9 
or pharmaceutically acceptable salts of SEQ ID Nos. 8 or 9 and a pharmaceutically acceptable vehicle. 

10 [0091] In yet another aspect the present invention provides a vaccine or a pharmaceutical composition said vaccine 
or pharmaceutical composition comprising an antigenic peptide C-20 (SEQ ID No. 1 0 ) or variants of C-20 or pharma- 
ceutically acceptable salts of C-20 or variants of C-20 and a pharmaceutically acceptable vehicle. 
[0092] The antigenic peptides of the present invention, for example, at least SEQ ID Nos. 1 to 18, as well as their 
salt forms are the active ingredients in the vaccine and pharmaceutical compositions. 

15 [0093] Pharmaceutically acceptable salts of the peptides of the present invention include acid salts (formed with free 
amino groups of the peptide), those formed with inorganic salts such as phosphoric acid or hydrochloric acid, those 
formed with organic salts such as acetic acid or oxalic acid and the salts formed with free carboxyl groups. 
[0094] Any pharmaceutically acceptable vehicle can be used in the vaccine or pharmaceutical composition such as 
saline, dextrose glycerol, water, ethanol and the like and combinations thereof. 

20 [0095] In addition buffering agents and adjuvants can comprise part of the vaccine or pharmaceutical composition 
formulation. Various adjuvants that are known in the art that can be used in the vaccine or pharmaceutical formulations 
include Complete Freund's Adjuvant (CFA), Incomplete Freund's Adjuvant (IFA), motanide ISA (incomplete seppic 
adjuvant), the Ribi adjuvant system (RAS), Titer Max, muramyl peptides, Syntex Adjuvant Formulation (SAF), alum 
(aluminum hydroxide and/or aluminum phosphate), aluminum salt adjuvants, Gerbu® adjuvants, nitrocellulose ab- 

25 sorbed antigen, encapsulated or entrapped antigen, immuno-stimulating complexes such as Quil A, QS-21 and the 
like. Still other adjuvants are CpG oligonucleotides and double stranded RNA molecules, such as poly(A).poly(U). 
Combinations of the above adjuvants also encompass part of the vaccine or pharmaceutical compositions of the present 
invention. 

[0096] These vaccine and pharmaceutical compositions can be prepared as exemplified in U.S. Patent numbers, 
30 6,514,942, 4,608,251 , 4,599,230 and 4,578,770 and in European Patent Application number 1201250. 

[0097] The present invention also encompasses encapsulation of the peptides or antigens, their variants, as well as 
the adjuvants and pharmaceutically acceptable salts. In this regard any of the antigens of SEQ ID Nos. 1 to 18 can, 
for example, be combined with an adjuvant such as alum and a pharmaceutically acceptable carrier which mixture is 
then encapsulated. 

35 [0098] For oral and mucosal vaccines and pharmaceutical compositions the antigen or their variants and the phar- 
maceutically acceptable vehicle or the mixture of the antigen or their variants, the adjuvant and the pharmaceutically 
acceptable vehicle are encapsulated with a polymer capsule of lactic acid and glycolic acid (poly LG). 
[0099] In another aspect the capsules that are produced are designed to release the active ingredient in the vaccine 
in controlled phases thus eliminating the need for booster immunizations. In this regard, conventional encapsulation 

40 techniques for controlled release of active ingredients, which are encapsulated via polymers, are well known in the art. 
[0100] Liposome and micelle encapsulation of the active ingredients of the pharmaceutical compositions and the 
vaccines described above, as well as ISCOMS (Immune Stimulating Complexes) can also serve as vehicles for antigen 
delivery. 

[0101] Besides being encapsulated, the vaccines of the present invention can also be injected intramuscularly, sub- 
45 cutaneously or intravenously. Oral vaccine compositions are also contemplated. For oral compositions, the nucleic 
acid encoding the antigenic peptides described herein can be placed in an adenoviral vector under the control of an 
appropriate promoter and can be administered orally. In this regard, a mammalian promoter is desired for oral delivery 
to mammals. 

[0102] The vaccines and pharmaceutical compositions of the present invention are administered in amounts that will 
50 be therapeutically effective and immunogenic and as known in the art, the dosage that is administered depends on the 
individual to be treated. Generally suitable dosages range on the order of 1 to 20 mg of active ingredient. Usually, when 
administered subcutaneously or intramuscularly multiple dosages of vaccine are administered at 7 to 1 5 days intervals 
over a period of two months. 

[0103] With respect to the pharmaceutical compositions, these are also administered in a dosage range on the order 
55 of 1 to 20 mg of active ingredient administered subcutaneously or intramuscularly multiple dosages of vaccine are 
administered at 7 to 15 days interval over a period of two months. For the pharmaceutical compositions, the patient's 
viral load and CD4 counts are monitored during administration of the pharmaceutical composition. 
[0104] In yet another aspect the present invention provides a composition comprising at least one of the peptides of 
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SEQ ID Nos. 2 to 9 or a peptide variant of SEQ ID No. 1 as described herein. It will be appreciated that variants having 
90% to 99.9999% sequence homology of the peptides of SEQ ID Nos. 1 to 9 are also included in the compositions. 
Moreover, as described above, these peptides can be glycosylated, have two cysteine residues introduced therein to 
form a disulfide bridge or can be phosphorylated. The peptides in this composition can also have linker sequences 
attached to their N- or C- terminals, which linker sequences can be fatty acids. 

[0105] In another aspect the present invention provides peptides that inhibit HIV production said peptides comprise 
one of the following amino acid sequences: 

L-E-Q-l-W-N-N-M-T-W-M-Q-W-D-K (SEQ ID NO.2) 
L-T-P-D-W-N-N-M-T-W-Q-E-W-E-R (SEQ ID NO. 3) 

C-T-T-A-V-P-W-N-A-S-W-S-N-K-S-L-E-Q-l-W-N-N-M-T-W-M-Q-W-D-K 
(SEQ ID NO. 4) 

C-H-T-T-V-P-W-P-N-D-S-L-T-P-D-W-N-N-M-T-W-M-Q-W-D-K (SEQ ID 

NO. 5) 

C-H-T-T-V-P-W-P-N-D-S-L-T-P-D-W-N-N-M-T-W-Q-E-W-E-R (SEQ ID 

NO. 6) 

C-T-T-A-V-P-W-N-A-S-W-S-N-K-S-L-E-Q-l-W-N-N-M-T-W-Q-E-W-E-R 
(SEQ ID NO. 7) 

W-N-N-M-T-W-M-E-W (SEQ ID No. 8) 
W-N-N-M-T-W-Q-Q-W (SEQ ID No. 9) 

D-G-l-W-K-A-S-F-T-T-F-T-V-T-K-Y-W-F-Y-R (SEQ ID 

NO. 10) 

[0106] Variants of these peptides such as deletions, additions or substitutions of amino acids in the peptides of SEQ 
ID Nos. 1 to 10 are also encompassed by the present invention and can be obtained by methods known in the art such 
as by site directed mutagenesis or by chemical synthesis, as long as these variants can immunologically react with 
antibodies raised against SEQ ID Nos. 1 to 10. 

[0107] Examples of variants of SEQ ID NOs. 1 to 1 0 and encompassed by the present invention can be obtained as 
follows: For example, the amino acid sequence specificities of the synthetic peptide CBD-1 (designed after the con- 
sensus amino acid sequence of HIV-1), for use against HIV infection is the following: CBD-1 is composed of 15 amino 
acid residues and each amino acid is placed at a specific position (as shown below). 



1 - L 


(leucine) 


2 - E 


(glutamate) 


3 - Q 


(glutamine) 


4- I 


(iso leucine) 


5 - W 


(tryptophan) 
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(continued) 



6 - N 


(asparagine) 


7 - N 


(asparaqine) 


8 - M 


(methionine) 


9 -T 


(threonine) 


10 - W 


(tryptophan) 


11 - M 


(methionine) 


12 - Q 


(glutamine) 


13 - W 


(tryptophan) 


14- D 


(aspartate) 


15 - K 


(lysine) 



15 [0108] The 3 tryptophan (W) residues at amino acid positions 1 , 6 and 9 in the caveolin-binding motif WXXXWXXW 
are conserved in all HIV strains. Therefore the CBD-1 sequence should contain 3 tryptophan residues placed at posi- 
tions 5, 1 0, and 13, respectively. As a variation of this motif, the 3 tryptophan residues can be changed to phenylalanine 
or to tyrosine. 

[0109] The isoleucine at 4 preceding W5 and threonine at position 9 preceding W10 are conserved by more than 
20 97% among HIV-1 isolates. Therefore the CBD-1 peptide should contain I and T at position 4 and 9, respectively. 

[0110] The asparagine at position 7 is conserved by more than 97%. Therefore the CBD-1 peptide should contain 

an asparagine at position 7. This asparagine represents a potential N-linked glycosylation site in gp41 . 

[0111] The methionine at position 8 is conserved in all but in HIV-1 O type this methionine is replaced by leucine. 

Thus, for immunization against HIV-1 O type the CBD-1 peptide can be modified slightly in order to contain leucine at 
25 position 8. 

L1 can be replaced by Q, Y (tyrosine) or D. 
E2 can be replaced by D or N. 
Q3 can be replaced by E. D or S. 
30 N6 can be replaced by D. E or Q. 

M 1 1 can be replaced by I, Q or L. 

Q12, D14, and K15 are semiconserved. Thus, they can be replaced, for example, by E12, E14, and R15 or Q15, 
respectively. 



35 [0112] In another example, the amino acid sequence specificities of the synthetic peptide CBD-2 (designed after the 
consensus amino acid sequence of HIV-2), for use against HIV infection is the following: CBD-2 is composed of 15 
amino acid residues and each amino acid is placed at a specific position (as shown below). 



1 - L 


(leucine) 


2 -T 


(threonine) 


3 - P 


(proline) 


4 - D 


(aspartate) 


5 - W 


(tryptophan) 


6 - N 


(asparagine) 


7-N 


(asparagine) 


8 - M 


(methionine) 


9 -T 


(threonine) 


10 - W 


(tryptophan) 


11 - Q 


(glutamine) 


12 - E 


(glutamate) 


13 - W 


(tryptophan) 


14 - E 


(glutamate) 


15 - R 


(arginine) 



[0113] The 3 tryptophan (W) residues in the caveolin-binding motif WXXXWXXW are conserved in all HIV strains. 
Therefore the CBD-2 sequence should contain 3 tryptophan residues placed at positions 5, 10, and 13, respectively. 
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As a variation of this motif, the 3 tryptophan residues can be changed to phenylalanine or to tyrosine. 

[0114] The amino acid residue at position 3 ; 7, 8, 9, 1 1 and 14 should be proline, asparagine methionine, threonine, 

glutamine, and glutamate, respectively. 

5 L1 can be replaced by M. 

T2 can be replaced by N, Q, or V. 

D4 can be replaced by E. 

N6 can be replaced by D. E or Q. 

N7 in principal should be conserved as it represents a potential N-linked glycosylation site in gp41 . 
10 E12 can be replaced by Q. 

R15 can be replaced by K, E, or Q. 

[0115] In yet another example, a variant of SEQ ID NO. 1 , SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID 
NO. 5, SEQ ID NO. 6, SEQ ID No. 7, SEQ ID No. 8, SEQ ID No. 9 or SEQ ID No. 10 can have an extended sequence 

15 having additional amino acids at its N-terminal or C-terminal. These additional amino acids that are added to either 
terminal end can comprise between 1 and 20 amino acids. It will be appreciated that the addition of amino acids to 
SEQ ID NO. 1 , SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID No. 7, SEQ ID 
No. 8 ; SEQ ID No. 9 or SEQ ID No. 10 will not alter the antigen in such a way that it cannot immunologically react with 
antibodies raised against SEQ ID Nos. 1 to 10. Thus it is foreseen by the present invention antigens comprising the 

20 following antigens comprising amino acids sequences: 

X n -L- E-Q-I-W-N-N-M-T-W-M-Q-W-D-K-X m (S EQ I D NO . 1 1 ) where X is any amino acid, n is 0 to 20 and m is 0 to 20 . 
X n -L-T-P-D-W-N-N-M-T-W-Q-E-W-E-R-X m (SEQ ID NO. 12) where X is any amino acid, n is 0 to 20 and m is 0 to 20. 

25 [0116] Also embodied by the present invention are deletions of amino acids in SEQ ID NOs.2 to 10 provided that 
peptides generated contain the HIV-specific caveolin-binding motif (CBM), and consequently antigens obtained from 
such deletions can immunologically react with antibodies raised against these sequences (SEQ ID Nos. 2 to 10). 
[0117] Generally 1 to 5 amino acid deletions from each of SEQ ID NOs. 2 to 10 provided that the antigens having 
such deletions can immunologically react with antibodies raised against these sequences. For example, 4 amino acids 

30 can be deleted at the NH 2 -terminal end and 1 to 2 amino acids sequences can be deleted from the COOH-terminal 
end of SEQ ID Nos. 2 to 10. 

[0118] Antigens having amino acids substitutions in SEQ ID NOs. 2 to 1 0 are part of the present invention provided 
that the antigens with such substitutions can immunologically react with antibodies raised against these sequences 
(SEQ ID Nos. 2 to 10). One type of substitution is a conservative substitution i.e., a substitution of a residue by an 
35 another residue belonging to the same chemical group (aliphatic, aromatic, non-polar, polar, ionizable, H-bonding ; 
basic, acidic, cyclic and sulfur-containing). For example. 4 substitutions can occur at the NH 2 -terminal end, 1 or 2 
substitutions at the COOH-terminal end and 5 substitutions in the interior of SEQ ID Nos. 2 to 10. Thus, antigens having 
the following amino acid sequences form part of the present invention: 

40 

L-E-Q-l-X-N-N-M-T-X-M-Q-X-D-K where X = W, F, or Y (SEQ ID NO. 
13 

45 

L-T-P-D-X-N-N-M-T-X-Q-E-X-E-R where X = W, F, or Y (SEQ ID NO. 

14). 

50 

[0119] Substitutions can also occur in "N-X-S/T" (where X is any amino acid but not P) motifs for N-glycosylation 
contained in the antigens of SEQ ID Nos. 1 to 10. For example, in the CBD-1 and CBD-2 peptides where the motif of 
N-glycosylation is N7-M8-T9, the asparagine at position 7 can be replaced by any other amino acid or the threonine 
at position 9 can be replaced by any other amino acid except serine. Thus, antigens having the following amino acid 
55 sequences form part of the present invention: 
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L-E-Q-l-W-N-X-M-T-W-M-Q-W-D-K where X = A, G, V, L, I, F, W, Y, M, 
C, S, T, Q, D, E, K, R, H or P (SEQ ID NO 15) 

5 

L-E-Q-l-W-N-N-M-X-W-M-Q-W-D-K where X = A, G, V, L, I, F, W, Y, M, 
10 C, Q, D, E, K, R, H or P (SEQ ID NO 16) 



15 L-T-P-D-W-N-X-M-T-W-Q-E-W-E-R where X = A, G, V, L, I, F, W, Y, M, 

C, S, T, Q, D, E, K, R, H or P (SEQ ID NO 17) 

20 

L-T-P-D-W-N-N-M-X-W-Q-E-W-E-R where X = A, G, V, L, I, F, W, Y, M, 
C, Q, D, E, K, R, H or P (SEQ ID NO 18) 

25 

[0120] Also encompassed by the present invention are peptides having 90% to 99.9999 % sequence identity to SEQ 
ID NOs.1 to 10, with the proviso that such antigens can immunologically react with antibodies raised against these 
sequences (SEQ ID Nos. 1 to 10). 

[0121] Variants of the peptides of SEQ ID Nos. 1 to 1 0 can be assayed to determine whether they can combine with 
30 antibodies directed againstthe peptides of SEQ ID Nos. 1 to 1 8 using typical immunoassays such as sandwich assays, 
ELISA assays and the like. The antibodies againstthe peptide of SEQ ID Nos. 1 to 1 8 can be generated by conventional 
methods in the art as set forth below and as illustrated in the Examples. 

[0122] The above mentioned peptides and variants of these peptides can have a modified peptide bond in the -CONH- 
peptide bond is modified and replaced by a (CH 2 NH) reduced bond, a (NHCO) retro-inverse bond, a (CH 2 -0) methyl- 

35 ene-oxy bond, a (CH 2 -S) thiomethylene bond ; a (CH 2 CH 2 ) carba bond, a (CO-CH 2 ) cetomethylene bond, a 
(CHOH-CH 2 ) hydroxyethylene bond), a (N-N) bond, a E-alcene bond or also a -CH=CH- bond. 
[0123] Still, the above mentioned peptides and variants of these peptides can be additionally modified by side-chain 
oxidation such as the introduction of two cysteine residues to form a disulfide bridge or phosphorylation. A disulfide 
bridge may be formed by introducing two cysteine residues either at the extremities of the antigen or at internal positions 

40 inside the amino acid sequence or at one extremity and one internal position. If necessary, the modification can also 
include glycosylation. 

[0124] Linker sequences can also be introduced into the extremities (the N-and/or C-terminals) of the peptides and 
variants of these peptides, which linker sequences may comprise a molecule such as biotin or fatty acids. For example, 
fatty acids such as myristic acid or palmitic acid are linked by amide or aryl ester bonds directly to the C-terminal end 

45 of the last amino acid of SEQ ID Nos. 1 to 1 8 or their variants. 

[0125] Furthermore, the peptides or the antigens or their variants of the invention can be associated covalently or 
non-covalently with peptides corresponding to the V3 loop and/or any HIV-1 or HIV-2 envelope protein or glycoprotein 
or/and a foreign antigen of interest such as HBs (surface antigen of the hepatitis B virus) as described in US 5,314,808 
or LSA3 antigen from Plasmodium falciparum as described in US 6,191 ,270. In this regard, the present invention also 

50 includes mixtures of the peptides or antigens of the present invention with other antigens known in the art. These 
mixtures or the covalently bound antigens of the present invention can be used in pharmaceutical compositions and 
in vaccines. 

[0126] All of the above peptides may be synthesized by any conventional chemical method including, but not limited 
to, Fmoc chemical synthesis, Boc chemical synthesis and the conventional method described by Merrifield and as 
55 described by Neimark and Briand. 1993; King et al., 1990 (30, 31). Peptide synthesis in Fmoc or Boc chemistry, can 
be realised by using a multichannel peptide synthesizer as the ABI 433A Peptide Synthesizer or the Pioneer Peptide 
Synthesizer, both commercialized by Applied Biosystems. By using conventional methods large quantities of the an- 
tigens can be generated with a high degree of purity and at relatively low costs. These peptides have very little con- 
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tamination, are easy to sterilize, store and ship. 

[0127] In another aspect the peptides of the present invention may be produced by recombinant technology as the 
result of expression of nucleic acids encoding all of the above peptides and their variants. Thus, the nucleic acid 
sequences described herein, in case of DNA, are introduced into vectors using conventional recombinant technology 

5 and can be placed under the control of a promoter which expresses the nucleic acid insert in various cells such as 
bacteria, yeast and mammalian cells. The antigen produced is then further purified by known methods. 
[0128] When the vector is under the control of a mammalian promoter, the vector is a source of a naked DNA vaccine. 
Thus, the present invention relates to a plasmid containing the DNA encoding the immunogenic antigens of SEQ ID 
Nos. 1 to 18. These plasmids can be directly injected into muscle cells or attached to gold particles that can be bom- 

10 barded into the tissue. The direct injection of the naked DNA vaccine of the present invention results in the DNA being 
taken up by the muscle cells and the encoded protein antigens of SEQ ID Nos. 1 to 1 8 are expressed thereby eliciting 
a protective immune response against HIV infection. 

[0129] The naked DNA which is injected into muscle cells can be via a gene gun, using complexed DNAs, by elec- 

troporation, via bacterial systems or via viral delivery. These methods are well known to the person skilled in the art. 
15 [0130] Therefore, the present invention also relates to combinations of nucleic acids that encode CBD-1 , CBD-2. 

CBM-1/TH-1 , CBM-1/TH-2, CBM-2/TH-1 , CBM-2/TH-2 or C-20 peptides or their variants. For an example, the nucleic 

acid sequence encoding the CBD-1 peptide (L-E-Q-I-W-N-N-M-T-W-MQ-W-D-K ) (SEQ ID No. 2) can be one of the 

following nucleic acids combinations: 

A-B-C-D-TGG-E-F-ATG-G-TGG-ATG-H-TGG-I-J 
20 wherein A is selected from TTA, TTG, CTT, CTC, CTA and CTG; B is GAA or GAG; C is CAA or CAG; D is ATT 

ATC or ATA; E is AAT or AAC; F is AAT or AAC; G is ACT, ACC, ACA or ACG; H is CAA or CAG; I is GAT or GAC: 

and J is AAA or AAG 

[0131] To illustrate the 921 6 potential nucleic acid combinations encoding the CBD-1 peptide, a few are given below : 

25 

5'- CTG GAG CAG ATC TGG AAC AAC ATG ACC TGG ATG CAG 
TGG GAC AAG (SEQ ID Nos. 19) 

30 

5'- CTG GAA CAG ATT TGG AAT AAC ATG ACC TGG ATG GAG 

35 

TGG GAC AGA -3' (SEQ ID Nos. 20) 

5 - CTG GAA CAG ATT TGG AAT AAC ATG ACC TGG ATG CAG 
TGG GAC AAA -3' (SEQ ID Nos. 21) 

45 [0132] A person skilled in the art can easily ascertain and produce the other 9,21 3 nucleic acids by using conventional 
techniques in the art. 

[0133] The nucleic acid sequence encoding the other peptides of the invention can be obtained routinely by using 
computer programs that back translate a protein sequence as the program backtranseq developed by Alan Bleasby 
(ableasbyOhgmp.mrc.ac.uk) HGMP-RC, Genome Campus, Hinxton. Cambridge CB10 1SB, UK. 

so [0134] Any nucleic acids hybridizing under stringent conditions with nucleic acids encoding at least one of the pep- 
tides according to the invention is also embraced by the invention. As used herein, the term "stringent conditions" refers 
to conditions which permit hybridization between the probe sequences and the nucleotide sequence to be detected. 
Suitable stringent conditions can be defined by, for example, the concentrations of salt or formamide in the prehybrid- 
ization and hybridization solutions, or by the hybridization temperature, and are well known in the art. In particular. 

55 stringency can be increased by reducing the concentration of salt, increasing the concentration of formamide, or raising 
the hybridization temperature. The temperature range corresponding to a particular level of stringency can be further 
narrowed by calculating the purine to pyrimidine ratio of the nucleic acid of interest and adjusting the temperature 
accordingly. Variations on the above ranges and conditions are well known in the art. 
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[0135] In another aspect, the present invention encompasses antibodies raised against any of the antigens or antigen 
variants described herein which recognizes specifically the immunogenic antigens of SEQ ID Nos. 1 to 18. 
[0136] The antibodies provided by the present invention include monoclonal antibodies, polyclonal antibodies, oli- 
goclonal antibodies and antibodies with a restricted specificity. 
5 [0137] The monoclonal antibodies can be produced by classical methods such as those described by Kohler and 
Milstein (1975) or using the procedures described in Sambrook et al, A Guide to Molecular Cloning, A Laboratory 
Manual, 2 nd edition (1 989) using the antigens or antigens variants described above. More specifically the antigens that 
are used to obtain the antibodies are those antigens of SEQ ID Nos. 1 to 18. 

[0138] Polyclonal, oligoclonal or antibodies with a restricted specificity can be prepared according to conventional 
10 methods such as those described in Sambrook, supra using the antigens or antigen variants described above. More 

specifically the antigens that are used to obtain the antibodies are those antigens of SEQ ID Nos. 1 to 18. 

[0139] The present invention also relates to the use of monoclonal antibodies, polyclonal antibodies, oligoclonal 

antibodies and antibodies with a restricted specificity in an assay to detect HIV infection. Thus, the present infection 

also relates to a method for detecting the presence of HIV in a biological sample, comprising contacting the biological 
15 sample taken from a mammal with an antibody specifically directed against HIV under conditions that allow the formation 

of an immunological complex; and detecting the immunological complex that is formed. 

[0140] The biological sample can be sera, urine, saliva, biopsy material and the like. 

[0141] The design of immunoassays is conventional in the art and protocols such as the use of solid supports or 
immunoprecipitation are well known techniques. The antibody can be labeled for detection purposes using enzymatic, 
20 fluorescent, chemiluminescent, radioactive or dye labels. Assays that amplify the signals from the immune complex 
such as assays using biotin and avidin or streptavidin and enzyme-linked immunoassays such as ELISA or sandwich 
assays are part of the present invention. 

[0142] A kit containing the antibody specifically directed against HIV as well as reagents necessary for the immuno- 
logical reaction is also encompassed by the present invention. 

25 [0143] In yet another aspect, the present invention relates to the use of the antibodies specifically directed against 
HIV for immunotherapy to prevent HIV infection. In this aspect of the invention the antibodies specifically directed 
against HIV include monoclonal antibodies, polyclonal antibodies and oligoclonal antibodies. Once the antibodies are 
prepared by conventional methods known in the art, they are further purified and are administered with a pharmaceu- 
tically acceptable vehicle. The purified antibodies may also be encapsulated using the conventional methods described 

30 above. Furthermore, the antibodies can be complexed to a solid particulate matrix and administered as a solid-matrix- 
antibody-antigen complex (SMAA). 

[0144] In another aspect, the present invention provides neutralizing antibodies capable of inhibiting HIV infection, 
which can be used in passive vaccine compositions. These neutralizing antibodies are directed against the CBD- 
1/CBD-2 or C-20 epitopes. More specifically the peptides or antigens that are used to obtain the neutralizing antibodies 

35 are those peptides or antigens of SEQ ID Nos. 1 to 18. 

[0145] In order to assay for a potent neutralizing response of the antibodies conventional assays are known such 
as those set forth in the Examples, as well as MAGI (multinuclear activation of galactosidase indicator), SMAGI for 
SIV or the typical neutralization assay of premixing virus sample and antibody sample, using this mixture to inoculate 
a cell line and measuring after cultivation the p24 viral replication or reverse transcriptase. Monoclonal neutralizing 

40 antibodies can be obtained by conventional methods as described, for example, in Huls et al. (63) and Gauduin et al. 
(64). 

[0146] The present invention also provides for the use of the peptides or the antigens or the antibodies described 
herein to treat or prevent HIV infection. Thus, the present invention provides a method to treat or prevent HIV infection 
by administering to a mammal in need of such treatment a pharmaceutical^ acceptable amount of the vaccine or the 

45 pharmaceutical composition of the present invention. The pharmaceutical composition or the vaccine includes all of 
the peptides or antigens described herein and their variants including the peptides of SEQ ID Nos. 1 to 18 or the 
antibodies which recognize specifically the antigens of SEQ ID Nos. 1 to 18 or neutralizing antibodies. 
[0147] Also encompassed by the present invention is the use of the peptides of SEQ ID Nos. 1 to 18 or the antibodies, 
which recognize specifically the peptides of SEQ ID Nos. 1 to 18 or neutralizing antibodies for the preparation of a 

50 medication to treat or prevent HIV. 

[0148] A method to treat or prevent HIV entry into the cell and budding from the cell is encompassed by the present 
invention said method comprising administering a pharmaceutically acceptable amount of the peptides of SEQ ID Nos. 
1 to 1 8 or the antibodies which recognize specifically the peptides of SEQ ID Nos. 1 to 18 described herein or neutralizing 
antibodies. Thus, the present invention encompasses use of the antigens of SEQ ID Nos. 1 to 18 or the antibodies, 

55 which recognize specifically the antigens of SEQ ID Nos. 1 to 18 described herein or neutralizing antibodies to treat 
or prevent the infectious cycle of HIV. 

[0149] In yet another aspect the present invention encompasses the use of the antigenic peptides of SEQ ID Nos. 
1 to 9 and 11 to 18 in an immunological assay such as an ELISA assay to measure the presence of neutralizing 
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antibodies in mammals having HIV in long term survivors. Long term survivors are those mammals which are sero- 
positive for HIV but do not have the full blown illness of AIDS. In this aspect, a diminution of the amount of neutralizing 
antibody is indicative of a change to acute illness. 

[0150] In another aspect the present invention relates to a method of isolating anti-HIV molecules, this method com- 
5 prises attaching the peptidic antigens of SEQ ID Nos. 1 to 1 8 and their variants to a solid support; incubating anti-HIV 
molecules with said attached antigen and eluting the anti-HIV molecules from the solid support thereby isolating said 
anti-HIV molecules. 

[0151] In yet another aspect the present invention provides a method of selecting or isolating anti-HIV molecules 
comprising attaching at least one of the antigens of SEQ ID Nos 1 to 9 and 11 to 18 to a solid support; incubating with 
10 a caveolin preparation or with the C-20 peptide in the presence of anti-HIV molecules that prevent the interaction of 
caveolin with said attached antigens; and selecting or isolating said anti-HIV molecules. 

[0152] In yet another aspect the present invention provides a purified peptide comprising at least one of the sequenc- 
es of SEQ ID Nos. 1 to 18, as well as the use of the purified peptide comprising at least one of the sequences of SEQ 
ID Nos. 1 to 18, to isolate anti-HIV molecules. 
15 [0153] Finally the present invention provides the use of a complex of caveolin bound to the peptides of SEQ ID Nos. 

1 to 9 and 11 to 18 to prevent HIV infection. In this regard, the caveolin bound to the peptide sequences provides a 
pharmaceutical composition that can be administered as a medicament to prevent HIV infection. 

[0154] In order to fully illustrate the present invention and advantages thereof, the following specific examples are 
given, it being understood that the same are intended only as illustrative and in nowise limitative. 

20 

EXAMPLES 

Example 1 : Analysis of the amino acid sequence of the gp41 ectodomain, in the caveolin-binding domain 1 
among HIV-1, HIV-2 & SIV isolates 

25 

[0155] Analysis of the amino acid sequence of the gp41 ectodomain (amino acids 512 to 681) of 862 HIV-1 isolates 
from HIV clades, including A, B, C, D, E, F, G, H, I, J and Q clades, has constituted a consensus sequence of the 
ectodomain with the highest frequency emerging on each position (1). This analysis pointed out that the tryptophan 
residues in the consensus caveolin-binding motif, WNNMTWMEW, (SEQ ID No. 8) are conserved among all 862 HIV- 

30 1 isolates, Furthermore, the other amino acids in this motif are conserved 90-97% (Figure 4). 

[0156] This caveolin-binding motif, WXXXXWXXW (SEQ ID No. 7) was also conserved among various HIV-2 isolates 
and even in the corresponding domain in the case of the simian immunodeficiency virus (SIV) (Figure 5). Figure 5 
shows an alignment of the consensus amino acid sequence in gp41 (amino acids 619 to 633) containing the caveolin- 
binding domain 1 (deduced from (1 )) with the corresponding sequences found in the X4 HIV-1 LAI, R5 HIV-1 Ba-L, X4 

35 HIV-1 Eli, primary HIV-1 isolates HIV-1 92UG037 (syncytium inducing) and 92BR025 (non-syncytium inducing), HIV- 

2 isolates ROD and EHO, SIV isolates agm and sm (39) and the synthetic peptide CBD-1 peptide. The conservation 
of the caveolin-binding motif among HIV-1 , HIV-2 and SIV isolates reveals that there is a natural selective pressure to 
conserve this motif since it is essential for infection by these retroviruses. 

40 Example 2 :Synthesis of CBD-1 and biotinylated CBD-1 peptides 

[0157] The CBD-1 peptide having the amino acid sequence corresponding to the caveolin-binding domain in the 
HIV-1 gp41 ectodomain, namely LEQIWNNMTWMQWDK (amino acids 619-633) (SEQ ID No. 1) was synthesized in 
Fmoc chemistry by the stepwise solid-phase methodology using a multichannel peptide synthesizer. Protected amino 

45 acids were coupled by in situ activation with (benzotriazol-1 -yloxy)tris-(dimethylamino)phosphonium hexafluorophos- 
phate and Na-Fmoc deprotection was performed as previously described (30). For the synthesis of the biotinylated 
CBD-1 , a biotinyl moiety was coupled on the resin at the N terminus of the peptide after the last deproptection step of 
the peptide chain. At the end of the synthesis, side chain deprotection and cleavage of peptides from the solid support 
were performed by treatment with reagent K (82.5% TFA, 5% phenol, 5% water, 5%thioanisole, 2.5% 1 .2-ethanedithiol) 

50 for 2.5 hours at20°C (31). Peptides were purified by reverse-phase H PLC (RP-HPLC) using a Perkin-Elmer preparative 
HPLC system on an Aquapore ODS 20 mm column (100 x 10 mm). The elution was achieved with a linear gradient of 
aqueous 0.1% TFA (A) and 0.08% TFA in 80% acetonitrile, 20% water (B) at aflow rate of 6 ml/min with UV detection 
at 220 nm. Homogeneity of the peptides was assessed by RP-HPLC on a Beckman instrument (Gagny, France) with 
a Nucleosil C18 5 mm column (150 x 4.6 mm) using a linear gradient of 0.1% TFA in water and acetonitrile containing 

55 0.08% TFA at a flow rate of 1 .2 ml/min. All peptides were identified by matrix-assisted laser desorption and ionization 
time-of -flight (MALDI-Tof) spectra on a Protein TOFTM mass spectrometer (Bruker, Wissembourg, France). 
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Example 3: HIV induced aggregation of caveolin-1 in MT4 cells as revealed by laser scanning confocal 
immunofluorescence microscopy. 

[0158] MT 4 cells were incubated at 37°C for 30 minutes in the absence (Control panels) or presence of HIV-1 LAI 
5 (HIV panels) before washing and further incubated at 20°C for 60 minutes in the presence of anti-HIV-1 human serum 
(panel HIV-TR). After partial fixation with 0.25% PFA, cells were incubated at 20° C for 45 minutes with rabbit anti- 
caveolin-1 antibody (Caveolin-FITC). Bound human antibodies were revealed by goat Texas Red (TR)-conjugated anti- 
human antibodies, while rabbit antibodies were revealed by FITC-conjugated goat anti-rabbit antibodies (Vector Lab- 
oratories Inc. CA). The experimental conditions were described previously (6). 
10 [0159] The results are shown in Figure 1. A cross-section for each staining is shown with the merge of the two colors 
in yellow. The anti-HIV serum was specific to HIV-1 particles since the serum did not give a signal in uninfected cells 
under similar experimental conditions. In an immunoblot assay, the serum reacted strongly with HIV-1 envelope glyc- 
oproteins and Gag proteins. The anti-caveolin antibody reacted with the 22 kDA caveolin protein in immunoblot assays 
using crude extracts from MT4 cells. 

15 

Example 4: Recovery of caveolin in detergent insoluble higher density fractions containing also HIV-1 p24, 
p17 and gp41 

[0160] Uninfected (-HIV) and HIV-1 LAI infected (all other panels) MT4 cells were incubated for 4 hours at 37°C 
20 before washing in PBS. Cells were then extracted in buffer containing 0.5% Triton X-1 00® and processed for analysis 
by equilibrium centrifugation on a discontinuous sucrose gradient as described before (6). The buoyant density of each 
fraction in g/ml is indicated at the top of each fraction. Fractions 3 to 6 correspond to GEM domains whereas fractions 
9 to 1 1 correspond to Triton-soluble fractions from the plasma membrane and cytoplasmic proteins. Dot immunblotting 
using antibodies against HIV matrix p1 7, capsid p24 and thetransmembrane envelope glycoprotein gp41 and caveolin- 
25 1 was previously described (6). The results are shown in Figure 2. This figure was prepared from scanned blots in 
Adobe Photshop. 

Example 5: The binding of biotinylated CBD-1 to caveolin in crude cell extracts 

30 [0161] MT4 cells were extracted in buffer containing 10 mM Hepes, pH 7.6, 50 mM KCI, 400 mM NaCI, 1 mM EDTA, 
protease inhibitor cocktail and 1 % Triton X-1 00®. Extracts were centrifuged at 1 2, 000 x g and the supernatants were 
stored at 80°C. 100 u.l of cell extracts were first diluted with 400 \i\ of homogenization buffer and left at 4°C for 10 
minutes before centrifuging at 12,000 x g. 

[0162] The diluted supernatants were then incubated at 4°C in the presence of 0, 2, 5, 1 0 and 20 u.M of the biotinylated 

35 CBD-1 peptide. After 90 minutes, 100 \i\ of avidine-sepharose were added in each sample and the samples were 
further incubated at 4°C for 2 hours with gentle shaking. The samples were then washed extensively with PBS and 
proteins bound to avidine-sepharose were eluted in 1 00 uJ of electrophoresis sample buffer containing SDS and ana- 
lyzed by SDS-PAGE (using a 12.5% polyacrylamide gel) for immunoblotting with rabbit anti-caveolin 1 antibodies (IN- 
TERCHIM) as previously described (6). 

40 [0163] Cell extracts were first incubated with 50 of CBD-1 (+) or without CBD-1 (-) before the addition of 1 0 jjM 
biotinylated CBD-1 and further processed as above. Lane E represents the analysis of crude cell extracts diluted 1 -fold 
in the electrophoresis sample buffer. The caveolin reacting antibodies were visualized with an enhanced chemilumi- 
nescence (ECL) reagent (Amersham Pharmacis Biotech) and by exposure to autoradiography film (Amersham Phar- 
macia Biotech). The results are set forth in Figure 6. The position of the molecular markers is on the left. 

45 [0164] These results show that caveolin was purified from crude extracts in the presence of the biotinylated CBD-1 . 
in a dose dependent manner, thus demonstrating that affinity of caveolin to bind CBD-1 . This binding was specific as 
demonstrated by the reduced capacity of the biotinylated CBD-1 to bind caveolin in the presence of excess CBD-1 
Figure 6, lanes (+) and (-) CBD-1). It should be noted that only a small portion of monomeric caveolin was found to 
be solubilized by the extraction of cells in the buffer containing 1 % Triton-X-1 00®. The strong signal at the top of the 

50 gel revealed by the anti-caveolin antibody in the crude extracts of the cells corresponds to oligomeric caveolin, which 
remains insoluble even in the presence of SDS (Figure 6, lane E). Consequently, this high molecular insoluble caveolin 
complex does not bind the CBD-1 peptide. 

Example 6: The CBD1 peptide becomes internalized into cells. 

55 

[0165] Several studies in laser scanning confocal immunofluorescence microscopy were conducted to investigate 
the interaction of the CBD-1 peptide with cells and its effect on Midkine. Midkine is an anti-HIV cytokine that inhibits 
HIV infection by an autocrine and paracrine manner, by blocking the attachment of HIV to permissive cells (33). Midkine 
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binds its low affinity receptor, surface- expressed nucleolin, before entry into cells by an active process in which lipid 
rafts appear to be implicated (34). It was demonstrated that the CBD-1 peptide blocks entry of Midkine into cells without 
affecting Midkine binding to cells. 

[0166] On intact cells, the CBD-1 peptide appeared to interact with caveolin at the plasma membrane. Indeed, cross- 
5 linking of cell surface bound biotinylated CBD-1 peptide resulted in the coaggregation of CBD-1 with caveolin . Following 
binding to cells, the CBD-1 peptide entered cells in an active process, since entry was dependent on incubation tem- 
perature; i.e., CBD-1 entry occurred at 37°C but not at 20°C. 

[0167] HeLa cells in culture medium were incubated (45 min at 37°C) with the biotinylated CBD-1 peptide (5 jiM). 
Cells were then washed and fixed with paraformaldehyde/Triton X-1 00 solution. The biotinylated CBD1 peptide asso- 
10 ciated in such fixed cells was revealed by rabbit anti-biotin antibodies (Enzo Diagnostics, Inc. N.Y.). The secondary 
antibody was Texas Red dye-conjugated donkey anti-rabbit IgG (Jackson ImmunoResearch Laboratories, PA). Con- 
focal microscopy was performed as described previously (6). A scan of a cross section towards the middle of the cell 
monolayer showing the TR-labeled CBD-1 localized in the cytoplasm and the corresponding phase contrast are pre- 
sented (Figure 7). 

15 

Example 7: The production of specific anti-CBD-1 antibodies in rabbits 



[0168] The biotinylated CBD-1 peptide was solubilized in water containing 10% DMSO at a concentration of 2 mg/ 
ml. 100 iig of this solution (50 uJ) was mixed with 50 \ig of streptavidin in 250 \i\ of distilled water. This solution was 
20 then mixed with 250 jxl of complete Freund's adjuvant (CFA) for the first injection and incomplete Freund's adjuvant 
(I FA) for the following injections. 1 0 ml of blood was collected from the rabbits before the first injection of antigen; this 
serum was referred to as SO or pre-immune serum. 

[0169] The rabbits (Fauves de Bourgogne) were injected intramuscularly with 500 jxl of the antigen/adjuvant mixture. 
The following Table 1 presents the injection and bleeding dates of the rabbit named "Aldernay": 

25 

Table 1 





Bleeding SO : day 0 


Injection 1 : day 35 




Injection 2: day 49 


Bleeding S1 : day 63 


Injection 3 : day 70 


Bleeding S2 : day 77 


Injection 4 : day 84 


Bleeding S3 : day 91 


Injection 5 : day 1 06 


Bleeding S4 : day 112 


Injection 6 : day 126 


Bleeding S5 : day 133 




Bleeding S6 : day 153 



[0170] All sera were tested by ELISA using 2 types of plates (PVC and Maxisorp) coated with the CBD-1 peptide. 
The optical density (OD) was measured at 450 nm. An OD value above 0.20 was considered positive. 
[0171] The results are presented in Figure 8. After the first 3 injections, there was already a significant amount of 
antibodies against CBD-1 as observed at a dilution of 1/2,000. The production of anti-CBD-1 antibodies increased 
gradually with the number of injections. 

[0172] These results indicate that the CBD-1 peptide is immunogenic. 

Example 8: CBD-1 is an immunogenic peptide that elicits a protective immune response against HIV infection 
in the MT4 lymphocytic cell line 



[0173] The anti-HIV action of antibodies was tested by using an HIV-1 LAI isolate on MT4 cells. Cells were infected 
with HIV by incubation at 37° C for 90 minutes. The cell suspension was then centrifuged to remove the medium and 
the cells were incubated at 37° C. Cells were passaged every 2-3 days and a small aliquot of the culture supernatant 
was collected and the concentration of p24 by ELISA was then measured in such supernatants. 
[0174] In some experiments, cells were also collected at different times post infection, washed in PBS and lysed in 
buffer containing Triton X-1 00®. Cell extracts were then analyzed by immunoblotting to investigate the steady state 
level of viral proteins. MT4 cells were cultured with 10% (v/v) heat inactivated (56°C, 30 minutes) fetal calf serum (FCS; 
Boehringer Mannheim GmbH, Germany) and 50 lU/ml Penicillin-Streptomycin (Gibco, BRL). The HIV-1 isolate was 
propagated and purified as previously described (32). The MOI of the HIV for different infections was 1 . For the assay 
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of HIV-1 LAI attachment, anchorage and colocalization studies, purified virus was used at MOI 3 (32). 
[0175] The pre-immune serum (SO) and immune serum (S5) as indicated in Table 1 above, were tested against 
infection of MT4 cells with the HIV-1 LAI isolate. Virus infection was carried out in the presence of sera SO and S5 at 
a 1/10 dilution. After 90 minutes of incubation with the virus, cells were centrifuged and suspended in fresh culture 
5 medium supplemented with sera SO and S5 at a 1/10 dilution. Cells were passaged every 2-3 days by adding fresh 
culture medium. The rabbit sera were added once again on day 4. 

[0176] Samples of the culture supernatants were collected at days 2, 4, 6 and 8 post-infection for the p24 ELISA. 
The results are presented in Figure 9. Virus infection in cultures with the pre-immune serum SO increased gradually 
reaching a peak at 6 days post- infection. HIV production measured by the concentration of p24 was significantly in- 
fo hibited. The degree of inhibition was 85% and 75% at day 6 and 8 post-infection, respectively. 

[0177] In order to confirm the inhibition of HIV production by the anti-CBD1 antibodies, the culture supernatant from 
SO and S5 treated cells were collected on day 6 and were centrifuged at 100,000g to pellet virus particles. The viral 
pellet was then analyzed by immunoblotting using antibodies specific for the HIV core p24 and matrix p1 7 (Figure 9, 
the insert entitled HIV pellet). The presence of p24 and p1 7 were revealed in the HIV pellet recovered from the cultures 
15 treated with the preimmune SO serum, whereas these proteins were hardly detectable in the corresponding sample 
obtained from cultures treated with the immune S5 serum. 

[0178] These results indicated that anti-CBD-1 antibodies are neutralizing antibodies capable of blocking HIV infec- 
tion. 

20 Example 9: Addition of anti-CBD-1 antibodies at 2 days post-infection inhibits HIV infection in a dose dependent 
manner without affecting cell viability 

[0179] MT4 cells were infected with HIV-1 LAI and at 2 days post-infection, cells were suspended in fresh culture 
medium supplemented with a 1/1 0 dilution of the pre-immune SO orthe immune serum S5 at 1/1 0, 1/15, 1/20 and 1/40 

25 dilutions from Aldernay. Cells were passaged on day 4 by adding one volume of fresh culture medium. Therefore, 
antisera were added only at day 2 post-infection. As a control for the inhibition of HIV infection, samples of cells were 
treated with AZT (0.1 and 0.5 jxM), which was supplemented in the culture medium from day 0 to day 6. HIV infection 
was monitored by the p24 concentration in the culture supernatant and was inhibited by the immune S5 serum in a 
dose dependent manner (Figure 10A). The 1/40 dilution of S5 resulted in 50% inhibition on virus production. 

30 [0180] The inhibitory action of the anti-CBD-1 antibodies on HIV infection was not a consequence of a toxic effect 
on cells, since no apparent effect on cell viability was measured by the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphe- 
nyltetrazolium bromide) was observed (Figure 10B). 

[0181] HIV-1 infected MT4 cells were treated at 2 days post-infection with a 1/10 dilution of the pre-immune SO (lanes 
P) or the immune S5 (lanes I) serum from Aldernay. In a parallel experiment, cells were infected without any treatment 
35 (lanes C) or treated with AZT (1 u.M). At 6 days post-infection, culture supernatants were centrifuged at 100,000 x g 
to pellet virus particles. Cell and HIV extracts were then analyzed by immunoblotting using human HIV positive serum 
(Figure 1 1 A) orthe anti-p1 7 monoclonal antibody (Figure 1 1 B). The position of the precursor Gag p55 and its cleaved, 
products p40, p24 and p1 7 are shown to the right in Figure 1 1 . 

[0182] There was no significant difference in the virus production between untreated and SO treated cells (Figure 
40 11, lanes C and P). However, there was a drastic inhibition of virus production in the cell culture treated with the 
anti-CBD-1 antibodies (Figure 11, lane I). This confirmed that the addition of anti-CBD-1 antibodies at 2 days post- 
infection is still efficient for inhibition of HIV particle production. 

Example 10. Anti-HIV activity of the rabbit sera after immunization with the CBD-1 peptide. 

45 

[0183] MT4 eel Is were incubated with HIV-1 LAI for 90 min at 37°C before suspension of cells in fresh culture medium 
supplemented with the different rabbit sera fram Aldernay before (SO) and after each immunization (S1 to S5) was 
tested at 1/20 dilution. Cells were passaged on day 3 by the addition of 1 volume of fresh culture medium supplemented 
with the different sera. At 6 days post-infection, virus production was monitored by measuring the concentration of p24 

50 by ELISA in culture supernatants and in cell extracts for free HIV and cell-associated HIV, respectively (Figure 12). 
[0184] The anti-H IV activity developed gradually after each successive immunization with the CBD1 peptide reaching 
to a very strong effect after the fourth immunization (Figure 12, histograms S3). There was still a significant degree 
of anti-H IV activity 4 weeks after the last immunization with the CBD-1 peptide (Figure 12, histogram S6). 
[0185] The fact that HIV infection was inhibited drastically by the S3 and S4 serum albeit its addition after HIV binding 

55 to cells at 37°C, suggests that the CBD-1 epitope in gp41 should be accessible even following the conformational 
changes of the cell-bound gp1 20-gp41 complex. 

[0186] The results presented in Figure 12 show that the degree of inhibition of HIV infection by the rabbit Aldernay 
sera S3 and S4 is slightly higher than that of S5 and S6. These results point out that the number of administration of 
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the CBD-1 peptide should not exceed five injections (corresponding to serum S4). 

Example 11. Complete inhibition of HIV infection by the rabbit serum S4 at 1/50th dilution. 

5 [0187] The capacity of the rabbit serum S4from Aldernayto inhibit HIV infection was investigated at different dilutions. 
MT4 cells were incubated with HIV-1 LAI for 90 min at 37°C in the presence of the pre-immune serum SO at dilutions 
1/25 and 1/50 and the immune serum S4 at dilutions 1/25, 1/50, 1/75 and 1/1 00. Cells were then centrifuged to remove 
the supernatant containing unbound HIV. Infected cells were suspended in fresh culture medium supplemented with 
the different rabbit sera. Cells were passaged on day 3 by the addition of 1 volume of fresh culture medium supple- 

10 mented with the different sera. At 6 days post-infection, culture supernatants and cell extracts were assayed by ELISA 
for the concentration p24 (Figure 13). 

[0188] Clearly, there is a dose-dependent inhibition of HIV infection, reaching more than 99% inhibition at 1/50th 
dilution of S4. The degree of inhibition of S4 at dilutions 1/75 and 1/100 was 88 and 60%, respectively. The 50% 
inhibitory dilution of serum S4 against HIV-1 LAI infection of MT4 cells was estimated to be 1/110 (Figure 13), whereas 
15 that of serum S5 was found to be 1/40 (Figure 1 0). 

Example 12. The enhanced accumulation of gp41 in the Triton resistant pellet obtained from HIV-infected cells 
cultured in the presence of anti-CBD-1 antibodies. 

20 [0189] At 6 days post-infection of the different samples presented in Figure 13, Triton X-100®. soluble extracts were 
analyzed by immunoblotting for the presence of Gag proteins (Figure 14, A and B), whereas Triton-resistant extracts 
were analyzed by immunoblotting for gp41 after solubilization in SDS (Figure 14C). 

[0190] In accord with complete inhibition of virus infection in cultures treated the anti-CBD-1 antibodies at dilutions 
1/25 and 1/50 (Figure 13), no Gag products were detectable (Figure 14, A and B). It should be noted that when the 

25 level of Gag proteins in cultures treated with the anti-CBD-1 antibodies at dilutions 1/75 and 1/1 00 was still very much 
reduced compared with the corresponding controls, there was a marked increase in the level of Triton-resistant gp41 
(Figure 14C). The quantification of cell-associated p1 7 and gp41 bands observed in the infected-cells in the presence 
of 1/1 00 dilution of anti-CBD-1 serum indicated that the level of gp41 was increased by 6 fold although p1 7 was reduced 
by at least 6 fold. Therefore, at high dilutions when the inhibitory effect of the anti-CBD-1 antibodies was lower, there 

30 was a dramatic increase of gp41 associated in a Triton-resistant complex. 

[0191] These observations point out that the anti-CBD-1 antibodies by interacting with the mature transmembrane 
envelope glycoprotein expressed on the cell surface cause aggregation of gp41 in the plasma membrane and its 
accumulation in a Triton-resistant complex. 

[0192] The increased level of gp41 in cells treated with the immune serum should reflect the accumulation of gp41 
35 in cells due to a reduced incorporation of gp41 in the newly released virus particles since no effect is observed on the 
Gag precursor and its mature products (Figure 14). These results suggest the production of defective virus particles 
by HIV-infected cells cultured in the presence of anti-CBD-1 antibodies. Indeed, virus produced from HIV-infected cells 
cultured in the presence of S4 serum at 1/1 00th dilution manifested lower infectivity. The proportion of defective virus 
particles in this latter case was estimated to be around 40 to 45%. 

40 

Example 13. Association of caveolin with virus particles. 

[0193] Caveolin 1 is expressed in MT4 cells as a 21 kDa protein. However, most of cellular caveolin remains insoluble 
in non-ionic detergents but it is solubilized in an ionic detergent such as SDS. In order to investigate the fate of caveolin 

^5 during HIV infection, cell extracts of HIV-infected cells were first prepared by lysis buffer containing 1% Triton X-1 00® 
and then the Triton-resistant pellet was suspended in PAGE sample buffer containing 1%SDS. Similarly, HIV recovered 
from the culture supernatant of HIV-infected cells was extracted with the lysis buffer containing Triton and then buffer 
containing SDS. Triton and SDS soluble fractions (lanes Trit. and lanes SDS) from the infected cells (panel Cell) and 
from the HIV pellet (panel HIV) were analyzed by immunoblotting using rabbit anti-p24 antibody and rabbit anti-caveolin 

50 1 antibodies (Figure 15). 

[0194] In the infected cell, the Gag precursor p55 and its cleaved products p40 and p24 were recovered as Triton- 
soluble and Triton-resistant material, whereas in HIV particles, p24 was mostly recovered as Triton-soluble material 
(Figure 15; the position of the Gag precursor p55, its partial cleavage product p40, and the mature viral core protein 
p24 is indicated on the right side). As it was expected, the majority of caveolin was recovered in the Triton -resistant 

55 fraction extracted from cells. On the other hand in HIV extracts, the anti-caveolin antibody reacted very strongly with 
a Triton-soluble protein of about 60 kDa that might correspond to an oligomeric form of caveolin (Figure 15, the lower 
part of the figure). This is most likely the case, since caveolin in some cells is detectable as a 60 kDa protein. 
[0195] The transformation of caveolin from a monomericto an oligomeric form in the HIV particle might be the con- 
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sequence of a specific event associated with the release of HIV particles from infected cells. Indeed, the 60 kDa- 
caveolin was only slightly detectable in the Triton-soluble fraction from infected cells, whereas no monomeric caveolin 
was found in HIV particles. Furthermore, in contrast with the monomeric caveolin, the 60-kDa caveolin is mostly soluble 
in Triton (Figure 15; panel HIV, lane Trit.). 

5 [0196] Partial oligomerization of caveolin is most probably a reflection of the cholesterol content at the plasma mem- 
brane of a given cell type. Indeed, the binding of caveolin to cholesterol has been reported to stabilize the formation 
of caveolin homo-oligomeric complexes (10). Consequently, the transformation of monomeric to oligomeric caveolin 
could occur during HIV budding as a consequence of variation in the cholesterol content between HIV envelope and 
the host plasma membrane. In accord with this, the cholesterol-to-phospholipid molar ratio of the HIV envelope has 

10 been reported to be approximately 2.5 times of the host cell surface membrane (54). Furthermore, the lipid composition 
of the membrane of HIV displays unusually high content of cholesterol and sphingomyelin (54), which is a favorable 
environment for caveolin (10). 

Example 14: The C-20 peptide corresponding to the caveolin-scaf folding domain in caveolin is antigenic in 
15 rabbits 

[0197] The scaffolding domain of caveolin (40,41), referred to as the C-20 peptide, has the following amino acid 
sequence: 

20 

D G l W KAS FTTFTVTK YW F YR(SEQ ID No.10). 



[0198] A biotinylated C-20 peptide was synthesized as in Example 2. After synthesis the biotinylated C-20 peptide 
was solubilized in water containing 1 0% DMSO at a concentration of 2mg/ml. 1 00ja,g of this solution (corresponding to 
25 50 liI) was mixed with 50 jig of streptavidin in 250 uJ distilled water. This solution was then mixed with 250 \i\ of adjuvant; 
complete Freund's adjuvant (CFA) for the first injection and incomplete Freund's adjuvant (I FA) for the following injec- 
tions. Rabbits (Fauves de Bourgogne) were injected intramuscularly with 500 jxl of the antigen/adjuvant mixture. 1 0 ml 
of blood was collected from the rabbits before the first injection of antigen. This serum is referred to as SO or pre- 
immune serum. The injection and bleeding dates of one rabbit, "Hermione," are shown in Table 2 below: 

30 

Table 2 





Bleeding SO : day 0 


Injection 1 : day 35 




Injection 2 : day 49 


Bleeding S1 : day 63 


Injection 3 : day 70 


Bleeding S2 : day 77 


Injection 4 : day 84 


Bleeding S3 : day 91 


Injection 5 : day 106 


Bleeding S4 : day 112 


Injection 6 : day 126 


Bleeding S5 : day 133 




Bleeding S6 : day 153 



[0199] All sera were tested by ELISA using 2 types of plates (PVC and Maxisorp) coated with the C-20 peptide. The 
results are presented in Figure 16. After the first 2 injections, there was already a significant amount of antibodies 
against C-20 as observed at a dilution of 1/2000. 

Example 1 5: The C-20 peptide elicits a protective immune response against HIV infection in the MT4 lymphocyte 
cell line. 

[0200] The anti-HIV action of antibodies was tested by using HIV-1 LAI isolate on MT4 cells. Cells were infected with 
HIV by incubation at 37°C for 90 min. The cell suspension was then centrifuged to remove the medium containing 
unbound HIV. The cell pellet was then suspended in fresh culture medium in the absence or presence of the anti-C- 
20 sera from Hermione at a dilution of 1/25. Cells were passaged every 2-3 days. The culture supernatant was assayed 
for the production of HIV by the p24 ELISA assay (Figure 17). 

[0201] These results show that antibodies against the C-20 peptide in caveolin are capable of inhibiting HIV infection. 
The pre-immune SO and S1 sera had no apparent anti-HIV action whereas S2 and S3 (i.e., after the third and fourth 
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immunization) had a very strong inhibitory activity; 77% and 98% respectively (Figure 17). 

[0202] Further immunization of rabbits with the C-20 peptide (following the fifth immunization) the neutralizing anti- 
body declined drastically as the S4 and S5 sera had no significant effect on HIV infection. The reason for this latter 
effect remains to be elucidated. Whatever is the case ; these observations provide further evidence for the implication 
5 of the caveolin-binding domain in the viral transmembrane glycoprotein during the HIV infectious cycle. Consequently. 
anti-C-20 antibodies could also be used as a means to block HIV infection. 

[0203] The IC50 value of the rabbit Hermione S3 serum against HIV-1 LAI infection in MT4 cells is obtained around 
the 1/60th dilution. 

10 Example 16: Inhibition of HIV infection by the anti-CBD-1 antibodies against laboratory adapted and primary 
viral isolates in primary CD4+T lymphocytes. 

[0204] CD4 + lymphocytes were prepared from PBMC after depletion of CD8 + cells using Dynabeads M-450 CD8. 
CD4 + cells were then stimulated with PHA and cultured for 3 days in RPMI-1640 medium containing 10% fetal calf 
15 serum. Cell were then suspended in fresh culture medium containing IL-2. After 24 hours, cells were infected with the 
different isolates of HIV-1 . Virus infection was monitored by measuring p24 ELISA in the culture supernatant at different 
days post infection. 

[0205] The inhibitory action of the immune serum Aldernay S4 against the CBD-1 peptide was investigated in CD4+ 
primary T lymphocyte cultures infected with the T-lymphocyte tropic (X4) HIV-1 LAI, macrophage-tropic (R5) HIV-Ba- 

20 L, X4 HIV-1 ELI isolate from Zaire, an isolate resistant to the nonnucleoside RT inhibitor nevirapine (HIV-1 N199), an 
isolate resistant to the HIV protease inhibitor saquinavir (HIV-1 SR), and the primary isolate HIV-1 92UG037. Primary 
CD4+ T lymphocytes were incubated with different virus isolates for 90 min at 37°C in the presence of the pre-immune 
serum Aldernay SO (at 1/25, 1/50, and 1/100 dilution) and the immune serum Aldernay S4 (at 1/25, 1/50, and 1/100 
dilution). Cells were then centrifuged to remove the supernatant containing unbound HIV. Infected cells were suspended 

25 in fresh culture medium supplemented with the different rabbit sera. Cells were passaged on day 3 by the addition of 
1 volume of fresh culture medium supplemented with the different sera. 

[0206] The preimmune serum SO had no inhibitory effect on infection by HIV-1 Ba-L, HIV-1 SR,andHIV-1 92UG037, 
while there was 25 and 50% enhancement of virus production in the case of HIV-1 LAI and HIV-1 199/HIV-1 ELI, 
respectively. A typical result of the SO serum on HIV-1 LAI infection is shown in Figure 18A. On the other hand, the 
30 immune serum S4 had a dose dependent inhibition of virus production, with IC95% values at 1/25-1/50 dilutions, and 
IC50 values at 1/50 1/100 dilutions (Figure 18A and B 5 and Table 3). 

[0207] Figure 19 shows the kinetics of inhibition of HIV infection by the anti-CBD-1 antibodies against R5 HIV-1 Ba- 
L and the HIV-1 isolate resistant to the HIV proease inhibitor saquinavir (HIV-1 SR) in primary CD4+ T lymphocyte 
culture. 

35 [0208] Virus infection of CD4+ primary T lymphocytes was carried out as in the legend of Figure 8 with HIV-1 Ba-L 
and HIV-1 SR in the absence (Control) or presence of the immune serum S4 at 1//25. 1/50, and 1/100 dilutions (as it 
is indicated in Figure 19). Culture supernatants at 3, 4, and 5 days post-infection were assayed by ELISA for the 
concentration p24. Each point represents the mean of duplicate samples. 

[0209] These observations indicate the potent anti-HIV action of the anti-CBD-1 antibodies in a primary cell culture 
40 permissive to HIV infection. Furthermore, the fact that anti-CBD-1 antibodies inhibit virus isolates that have specific 
modifications in their respective CBD-1 domain (See amino acid sequence of the CBD-1 peptide and sequences of 
HIV-1 LAI, Ba-L, ELI and and 92UG037) points out that the CBD-1 peptide is capable of eliciting broadly neutralizing 
antibodies. 

45 Table 3 



The inhibitory action of the immune serum against CBD-1 in primary CD4 + T lymphocytes against different 


laboratory and primary HIV-1 isolates. 




HIV-1 Isolate 


IC95 


IC50 


LAI 


1/25th dilution 


1/40th dilution 


Ba-L 


1/25th dilution 


1/50th dilution 


HIV-1 ELI 


1/25th dilution 


1/50th dilution 


HIV-1 N199 


1/25th dilution 


1/50th dilution 


HIV-1 RS 


1/50th dilution 


> 1/1 00th dilution 


92UGQ37 


1/25th dilution 


1 /40th dilution 
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[0210] The inhibitory action of the immune serum Aldernay S4 against the CBD-1 peptide was investigated in CD4 + 
primary T lymphocyte cultures infected with the T-lymphocyte tropic (X4) HIV-1 LAI, macrophage-tropic (R5) HIV-Ba- 
L, X4 HIV-1 ELI isolate from Zaire, an isolate resistant to the nonnucleoside RT inhibitor nevirapine (HIV-1 N199), an 
isolate resistant the HIV protease inhibitor saquinavir (HIV-1 SR), and the primary isolate HIV-1 92UG037. 

Example 17: Enhanced levels of natural antibodies against the CBD-1 epitope in HIV positive individuals 

[0211] The CBD-1 peptide was used in an ELISA assay to investigate the presence of natural antibodies against the 
CBD-1 epitope in HIV positive individuals. An OD value less than 0.2 is considered as negative. 
[021 2] Sera from healthy individuals did not react with the CBD-1 peptide. However, sera from HIV infected individuals 
reacted with the CBD-1 peptide, thus indicating the presence of natural antibodies against the CBD-1 epitope in HIV 
infected individuals. 

[0213] Enhanced levels of natural antibodies against the CBD-1 epitope in HIV positive individuals considered as 
non-progressors (NP) were demonstrated as compared to the counter-part progressors (PR). These natural antibodies 
were of IgG type; no IgM were detectable. The results of this ELISA are set forth in Table 4 below using 2fiM of 
nonbiotinylated CBD-1 . 



Table 4 



NP 

Serums at dilutions 


IgG 

1/500 OD 450 nm 


IgM 

OD 450 nm 


igT 

OD 450 nm 


NP49 


0.084 


0.005 


0.059 


NP53 


0.115 


0.002 


0.058 


NP 63 


0.531 


0.003 


0.267 


NP 84 


0.218 


0.034 


0.145 


NP 98 


0.308 


0.005 


0.153 


NP 114 


0.188 


0.01 


0.095 


NP 152 


0.257 


0.015 


0.143 


NP549 


0.167 


0.004 


0.105 


PR 


IgG 


IgM 


igT 


PR 286 


0.07 


0.004 


0.056 


PR 380 


0.127 


0.002 


0.09 


PR 476 


0.169 


0.004 


0.113 


PR 761 


0.192 


0 


0.159 


PR 893 


0.212 


0.005 


0.115 


Controls 


IgG 


IgM 


igT 


2 


0.019 


0.003 


0.01 


3 


0.004 


0.003 


0.003 


4 


0.005 


0.006 


0.008 


5 


0.029 


0.003 


0.017 


6 


0.016 


0.009 


0.013 



[0214] The results of an ELISA in HIV positive individuals considered as non-progressors (NP) compared to pro- 
gressors (PR) using the C-20 peptide are set forth in Table 5 below using 1 jxM of the C-20 peptide. These results 
demonstrated that there is no apparent difference in the level of anti-C-20 antibodies between HIV positive individuals 
that are considered as non-progressors (NP) compared to progressors (PR). An OD value less than 0.2 is considered 
as negative. 
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Table 5 



NP Serums diluted 1/500 


IgG OD 450 nm 


IgM OD 450 nm 


IgT OD 450 nm 


NP 49 


0.252 


0.023 


0.255 


NP53 


0.319 


0.002 


0.211 


NP 63 


0.494 


0.009 


0.305 


NP 84 


0.49 


0.024 


0.308 


NP 98 


0.43 


0.007 


0.25 


NP 114 


0.474 


0 


0.284 


NP 152 


0.274 


0 


0.173 


NP 549 


0.435 


0.041 


0.253 


PR 


IgG 


IgM 


igT 


PR 286 


0.398 


0.002 


0.249 


PR 380 


0.404 


0.017 


0.259 


PR 476 


0.481 


0 


0.371 


PR 761 


0.206 


0.006 


0.164 


PR 893 


0.3 


0.003 


0.24 


Controls 


IgG 


Igm 


igT 


2 


0.124 


0 


0.083 


3 


0.086 


0 


0.051 


4 


0.154 


0 


0.102 


5 


0.197 


0 


0.169 


6 


0.153 


0.012 


0.169 



Example 18: The CBD-1 peptide, CBD-2 peptide, CBM-1/TH-1 peptide, CBM-1/TH-2 peptide, CBM-27TH-1 
peptide, CBM-2/TH-2 peptide and the C-20 peptide, as well as SEQ ID No. 1 elicit a neutralizing antibody 
response and are able to provide protection against SIV in Monkeys 

[0215] Pigtailed macaques (Macaca nemestrina)\Nere divided into fifteen groups of 5; a control group (Control), and 
14 other groups, each group of five macaques receiving one of the immunogenic antigens of SEQ ID Nos. 1 to 18. 
The macaques are immunized intradermal^ twice at weeks 0 and 1 with 300 ^g of the synthetic peptides. The control 
group is administered saline in the same amount. 

[0216] The monkeys are boosted intramuscularly at weeks 2, 4 and 6 with a total of 300 jig of the synthetic peptides 
in 0.5 ml of QS-21 adjuvant. Antibody production against each of SEQ ID NOs. 1 to 1 8 is monitored at 3, 5, 7, and 1 0 
weeks. The macaques are then challenged at 10 weeks (i.e., 3 weeks after the last immunization) intravenously with 
100 50% tissue culture infected doses (TCID 50 ) of simian/human immunodeficiency virus strain DH12 
(SHIV DH12 MD14YE). 

[0217] Virus infection in these monkeys is followed by measuring the p24 concentration by ELISA in the serum at 
15, 30, 45, 60 and 90 days post-infection. ELISA against p24, neutralization assays in MT-4 cells and virus load meas- 
urements are performed at days 15, 30, 45, 60 and 90 post-infection. Results from these tests show a significant 
reduction of in vivo virus infection. Neutralization antibody titers increased overtime in the immunized animals. The 
different techniques for monitoring SIV infection in monkeys was as described before (55, 56, 57). 

Example 19- Making of polyclonal and monoclonal antibodies 

[0218] Each of SEQ ID Nos. 1 to 18 are injected into different mice and polyclonal and monoclonal antibodies are 
made following the procedure set forth in Sambrook et al supra. 

[0219] Mo re specifically, mice are immunized with the immunogenic antigens comprising the above mentionned SEQ 
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ID Nos. 1 to 1 8 conjugated to keyhole limpet hemocyanin using glutaraldehyde or EDC as is well known in the art. The 
complexes can also be stabilized by crosslinking as described in WO 00/37483. The immunogen is then mixed with 
an adjuvant. Each mouse receives four injections of 10 u.gto 100 jag of immunogen, and after the fourth injection, blood 
samples are taken from the mice to determine if the serum contains antibodies to the immunogen. Serum titer is 
5 determined by ELISA or RIA. Mice with sera indicating the presence of antibody to the immunogen are selected for 
hybridoma preparation. Immunization of mice and preparation of antibody producing hybridoma cell lines are as de- 
scribed before (58, 59, 60). 

[0220] Spleens are removed from immune mice and single-cell suspension is prepared. Cell fusions are performed 
essentially as described by Kohler et al. (58). Briefly, P365.3 myeloma cells (ATTC Rockville ; Md) or NS-1 myeloma 
10 cells are fused with spleen cells using polyethylene glycol as described (58, 59, 60). Cells are plated at a density of 2 
x 1 0 5 cells/well in 96-well tissue culture plates. Individual wells are examined for growth and the supernatants of wells 
with growth are tested for the presence of specific antibodies by ELISA or RIA using the specific immunogenic antigens 
of SEQ ID Nos. 1 to 18 a target protein. Cells in positive wells are expanded and subcloned to establish and confirm 
monoclonality. 

15 [0221] Clones with the desired specificities are expanded and grown as ascites in mice or in a hollow fiber system 
to produce sufficient quantities of antibodies for characterization and assay development. Antibodies are tested for 
binding to each immunogenic antigen of SEQ ID Nos. 1 to 1 8 to determine which are specific for these antigens. 
[0222] Monoclonal antibodies against each one of SEQ ID Nos. 1 to 1 8 are prepared in a similar manner by mixing 
specified immunogenic antigens together, immunizing an animal, fusing spleen cells with myeloma cells and isolating 

20 clones which produce antibodies specific for the Immunogenic antigens. 

Example 20- Enhanced levels of natural antibodies against the epitopes of SEQ ID No. 1 , CBD-2, CBM-1/TH-1 , 
CBM-1/TH-2, CBM-2/TH-1 and CBM-2/TH-2, as well as their variants in HIV positive individuals 

25 [0223] SEQ ID Nos. 1 to 18 are used in an ELISA assay to investigate the presence of natural antibodies against 
these epitopes in HIV positive individuals. 

[0224] Sera from healthy individuals do not react with SEQ ID Nos. 1 to 18. However, sera from HIV infected indi- 
viduals react with SEQ ID Nos. 1 to 18, thus indicating the presence of natural antibodies against these epitopes in 
HIV infected individuals. 

30 [0225] Enhanced levels of natural antibodies against the epitopes of SEQ ID No. 1 to 9 and 11 to 18 in HIV positive 
individuals considered as non-progressors (NP) are demonstrated as compared to the counter-part progressors (PR). 
[0226] This example demonstrates that the immunogenic antigens of the present invention can be used for diagnostic 
purposes. 

[0227] While the invention has been described in terms of the various preferred embodiments, the skilled artisan will 
35 appreciate that various modifications, substitutions, omissions and changes may be made without departing from the 
scope thereof. Accordingly, it is intended that the present invention be limited by the scope of the following claims, 
including equivalents thereof. 

Example 21- Generation of human monoclonal antibodies 

40 

[0228] SEQ ID Nos. 1 to 9 and 11 to 1 8 are used in an ELISA assay to investigate the presence of antibodies against 
these epitopes in HIV positive individuals. Five individuals are selected because of elevated titers of neutralizing an- 
tibodies against the peptides with SEQ ID Nos. 1 to 9 and 11 to 1 8. These individuals are referred to as high producers 
of neutralizing antibodies, HPNA. 

45 [0229] Generation of human monoclonal antibodies producing cell lines are performed as described previously (44, 
61, 62). Briefly, after Ficoll isolation, peripheral blood B-lymphocytes are transformed by the Eppstein-Barr virus and 
cultured at concentration ranging from 50,000 to 100,000 cells per well. After 2-4 weeks, the supernatants from such 
cultures are assayed for antibodies against the peptides SEQ ID Nos. 1 to 1 8, using ELISA methodology. These cells 
are shown to produce antibodies against the gp41 -related peptides SEQ ID Nos. 1 to 9 and 11 to 18 but not against 

50 peptide C-20 SEQ ID No. 1 0, thus showing their specificity. To stabilize antibody production, the lymphoblastoid cell 
lines are fused with heteromyelomas to generate hybridomas and subsequently cloned. 

[0230] Several human monoclonal antibodies are generated by this technique. These monoclonal antibodies that 
react specifically with the peptides SEQ ID Nos. 1 to 9 and 11 to 18, have the capacity to block infection of primary 
CD4+T lymphocytes by different types and subtypes of HIV. These monoclonal antibodies are purified by conventional 
55 techniques using protein A/G-agarose and are used to treat HIV-infected individuals by intravenous injection of 10-50 
mg antibody preparation. Fifteen days after injection of antibodies, there is 40 to 50 % reduction of virus titers as 
measured by Polymerase Chain Rreaction (PCR) amplification using extracts from 10 x 1 0 6 PBMC. 
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Example 22-lsolation of new anti-HIV molecules that inhibit interaction of peptides SEQ ID Nos. 1 to 9 and 11 
to 18 with caveolin. 

[0231] The affinity of biotin to bind avidin is very high. Consequently, peptides that are biotinylated bind strongly to 
5 the solid matrix avidin-agarose. By this procedure it is then possible to purify proteins, peptides or various other mol- 
ecules which interact with the biotinylated peptides. For an example, the biotinylated CBD-1 peptide bound to avidin- 
agarose is used in Figure 6 for the purification of caveolin. 

[0232] Biotinylated peptides SEQ ID Nos. 1 to 9 and 11 to 1 8 were synthesized by coupling the biotin residue at the 
NH 2 -terminal end of these peptides. These peptides bound to avidine-agarose generate caveolin-binding matrices as 
10 described in Figure 6 or generate matrices that have the capacity to purify anti-HIV molecules that bind peptides SEQ 
ID Nos. 1 to 9 and 11 to 18. 

[0233] In respect to the caveolin-binding matrices, following incubation of such matrices with cellular extracts, cave- 
olin becomes specifically bound to the peptides SEQ ID Nos. 1 to 9 and 11 to 18, under similar experimental conditions 
as stated for the Examples. However, if this latter reaction is carried out in the presence if interfering molecules referred 

15 to as CBD-CAV 1 , CBD-CAV 2, CBD-CAV 3 then caveolin can no longer bind to the peptides SEQ ID Nos. 1 to 9 and 
11 to 1 8, because of interference by molecules such as CBD-CAV 1 , CBD-CAV 2, CBD-CAV 3. This latter experimental 
procedure could also be carried out by replacing the caveolin preparation by the peptide C-20 of SEQ ID No. 1 0. This 
techniquewhich uses either caveolin orpeptideC-20 provides an efficient method for the isolation of anti-HIV molecules 
that either interact with the peptides SEQ ID Nos. 1 to 9 and 11 to 18, or interact with caveolin / C-20. Two types of 

20 anti-HIV molecules therefore are selected: 1) those interacting with caveolin; 2) those interacting with the transmem- 
brane envelope glycoprotein of HIV. This characterization of the isolated inhibitory molecules is carried out by using 
matrices containing peptides SEQ ID Nos. 1 to 9 and 11 to 18 or matrices containing caveolin/C-20 SEQ ID No. 10. 
Both subtypes of these inhibitors prevent infection of permissive cells by various HIV isolates. 

[0234] In respect to matrices that have the capacity to purify anti-HIV molecules that bind peptides SEQ ID Nos. 1 
25 to 9 and 11 to 18, such matrices are incubated with different existing molecules at 20 to 37 °C for 45 minutes. The 
matrices are then washed extensively, and the molecules bound to the specific matrices are recovered by elution buffer. 
By this process, we were able to isolate anti-HIV molecules that by their capacity to interact with peptides SEQ ID Nos. 
1 to 9 and 11 to 18, can interact with the transmembrane envelope glycoprotein of HIV. 
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SEQUENCE LISTING 

5 <110> Institut Pasteur 

Centre National de la Recherche Scientifique 

♦ 

<120> NOVEL SYNTHETIC PEPTIDE VACCINES FOR HIV: THE CBD 
10 EPITOPE AS AN EFFECTIVE IMMUNOGEN TO ELICIT BROADLY 

NEUTRALIZING ANTIBODIES AGAINST HIV 

<130> B5602 - INSTITUT PASTEUR & CNRS 

15 

<14 0> EPXXXXXXXXX 
<141> 2003-04-11 



<160> 21 

20 



<170> Patentln Ver. 2.1 



<210> 1 

25 <211> 9 

<212> PRT 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: caveolin 
binding motif in which Xaa is any amino acid 

<400> 1 

Trp Xaa Xaa Xaa Xaa Trp Xaa Xaa Trp 
1 5 



<210> 2 
<211> 15 
<212> PRT 

45 <213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: caveolin 

binding domain corresponding to amino acids 619 to 
50 633 of HIV-1 

<400> 2 

Leu Glu Gin lie Trp Asn Asn Met Thr Trp Met Gin Trp Asp Lys 
55 1 5 10 15 
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<210> 3 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: caveolin 

binding domain corresponding to amino acids 662 to 
676 of HIV- 2 

<400> 3 

Leu Thr Pro Asp Trp Asn Asn Met Thr Trp Gin Glu Trp Glu Arg 
15 10 15 



<210> 4 
<211> 30 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: caveolin 

binding domain corresponding to amino acids 604 to 
633 of HIV-1 

<400> 4 

Cys Thr Thr Ala Val Pro Trp Asn Ala Ser Trp Ser Asn Lys Ser Leu 
15 10 15 

Glu Gin lie Trp Asn Asn Met Thr Trp Met Gin Trp Asp Lys 

2C 25 30 



<210> 5 
<211> 26 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: caveolin 

binding domain corresponding to amino acids 651 to 
676 of HIV-1 

<400> 5 

Cys His Thr Thr Val Pro Trp Pro Asn Asp Ser Leu Thr Pro P.sp Trp 
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1 



10 



15 



Asn Asn Met Thr Trp Met Gin Trp Asp Lys 

20 25 



<210> 6 
<211> 26 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: caveolin 

binding domain corresponding to amino acids 651 to 
676 of HIV-2 

<400> 6 

Cys His Thr Thr Val Pro Trp Pro Asn Asp Ser Leu Thr Pro Asp Trp 

15 10 15 

Asn Asn Met Thr Trp Gin Glu Trp Glu Arg 

20 25 



<210> 7 
<211> 30 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: caveolin 

binding domain corresponding to amino acids 604 to 
676 of HIV-1 

<400> 1 

Cys Thr Thr Ala Val Pro Trp Asn Ala Ser Trp Ser Asn Lys Ser Leu 
15 10 15 

Glu Gin lie Trp Asn Asn Met Thr Trp Gin Glu Trp Glu Arg 

20 25 30 



<210> 8 
<211> 9 
<212> PRT 
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<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Caveolin 
binding motif 

<400> 8 

Trp Asn Asn Met Thr Trp Met Glu Trp 
1 5 



<210> 9 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Caveolin 
binding motif 

<400> 9 

Trp Asn Asn Met Thr Trp Gin Glu Trp 
1 5 



<210> 10 
<211> 20 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: C-20 peptide 
scaffolding domain of caveolin from amino acids 8 
to 101 of caveolin-1 

<400> 10 

Asp Gly lie Trp Lys Ala Ser Phe Thr Thr Phe Thr Val Thr 
15 10 

Trp Phe Tyr Arg 

20 



<210> 11 
<211> 17 
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<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Variant of SEQ 
ID No. 2 in which X is any amino acid, n is 0 to 

2 0 and m is 0 to 20 

<400> 11 

Xaa Leu Glu Gin lie Trp Asn Asn Met Thr Trp Met Gin Trp Asp Lys 
15 10 15 

Xaa 



<210> 12 
<211> 17 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Variant of SEQ 
ID No. 3 in which X is any amino acid, n is 0 to 
20 and m is 0 to 20 

<400> 12 

Xaa Leu Thr Pro Asp Trp Asn Asn Met Thr Trp Gin Glu Trp Glu Arg 

1 5 10 15 

Xaa 



<210> 13 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Variant of SEQ 
ID No. 2 in which Xaa is Trp, Phe or Tyr 

<400> 13 

Leu Glu Gin lie Xaa Asn Asn Met Thr Xaa Met Gin Xaa Asp Lys 
15 10 15 
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<210> 14 
<211> 15 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Variant of SEQ 
ID No. 3 in which Xaa is Trp, ?he or Tyr 

<400> 14 

Leu Thr Pro Asp Xaa Asn Asn Met Thr Xaa Gin Glu Xaa Glu Arg 
15 10 15 



<210> 15 
<211> 15 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Variant of SEQ 
ID No 2 in which Xaa is Ala, Gly, Val, Leu, lie, 
Phe, Trp, Tyr, Met, Cys, Ser, Thr, Gin, Glu, Asp, 
Lys, Arg, His or Pro 

<400> 15 

Leu Glu Gin lie Trp Asn Xaa Met Thr Trp Met Gin Trp Asp Lys 
15 10 15 



<210> 16 
<211> 15 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Variant of SEQ 
ID No. 2 in which Xaa is Ala, Gly, Val, Leu, lie, 
Phe, Trp, Tyr, Met, Cys, Gin, Asp, Glu, Lys, Arg, 
His or Pro 

<400> 16 

Leu Glu Gin lie Trp Asn Asn Met Xaa Trp Met Gin Trp Asp Lys 
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15 10 15 



<210> 17 
<211> 15 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Variant of SEQ 
ID No, 3 in which Xaa is Ala, Gly, Val, Leu, lie, 
Phe, Trp, Tyr, Met, Cys, Ser Thr, Gin, Asp, Glu, 
Lys, Arg, His or Pro 

<400> 11 

Leu Thr Pro Asp Trp Asn Xaa Met Thr Trp Gin Glu Trp Glu Arg 
15 10 15 



<210> 18 
<211> 15 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Variant of SEQ 
ID No. 3 in which Xaa is Ala, Gly, Val, Leu, lie, 
Phe, Trp, Tyr, Mer, Cys, Gin, Asp, Glu, Lys, Arg, 
His or Pro 

<400> 18 

Leu Thr Pro Asp Trp Asn Asn Met Xaa Trp Gin Glu Trp Glu Arg 
15 10 15 



<210> 19 
<211> 45 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Nucleic acid 
of SEQ ID No. 2 

<400> 19 
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ctggagcaga tctggaacaa catgacctgg atgcagtggg acaag 45 

5 

<210> 20 
<211> 45 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: Nucleid Acid 
15 of SEQ ID No. 2 

<400> 20 

ctggaacaga tttggaataa catgacctgg atggagtggg acaga 45 

20 



<210> 21 
<211> 45 
25 <212> DNA 

<213> Artificial Sequence 

<220> 

30 <223> Description of Artificial Sequence: Nucleid Acid 

of SEQ ID No. 2 

<400> 21 

35 ctggaacaga tttggaataa catgacctgg atgcagtggg acaaa 4 5 
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Claims 

1. A pharmaceutical composition comprising at least one peptide comprising at least one of the following peptide 
sequences: 

45 



WXXXXWXXW (SEQ ID No. 1) 



50 where W is tryptophan or an aromatic amino acid and X is any amino acid that is not aromatic or a pharmaceutical ly 

acceptable salt of said at least one peptide; and 
a pharmaceutically acceptable vehicle.. 

2. The pharmaceutical composition according to Claim 1 , wherein said at least one peptide is a variant of SEQ ID 
55 No. 1 provided that said variant immunologically reacts with antibodies raised against a CBD-1 peptide or a CBD- 

2 peptide. 

3. The pharmaceutical composition according to Claim 1 , wherein the peptide in the pharmaceutical composition 
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comprises at least one of the following amino acid sequences : 

L-E-Q-l-W-N-N-M-T-W-M-Q-W-D-K (SEQ ID NO. 2) : a CBD-1 peptide sequence; 
L-T-P-D-W-N-N-M-T-W-Q-E-W-E-R (SEQ ID NO. 3) : a CBD-2 peptide sequence; 

C-T-T-A-V-P-W-N-A-S-W-S-N-K-S-L-E-Q-l-W-N-N-M-T-W-M-Q-W-D-K (SEQ ID No. 4) : a CBM-1/TH-1 pep- 
tide sequence; 

C-H-T-T-V-P-W-P-N-D-S-L-T-P-D-W-N-N-M-T-W-M-Q-W-D-K (SEQ ID No. 5) : a CBM-1/TH-2 peptide se- 
quence; 

C-H-T-T-V-P-W-P-N-D-S-L-T-P-D-W-N-N-M-T-W-Q-E-W-E-R (SEQ ID No. 6) : a CBM-2/TH-2 peptide se- 
quence; 

C-T-T-A-V-P-W-N-A-S-W-S-N-K-S-L-E-Q-l-W-N-N-M-T-W-Q-E-W-E-R (SEQ ID No. 7) : a CBM-2/TH-1 pep- 
tide sequence; 

W-N-N-M-T-W-M-E-W (SEQ ID No. 8); and 

W-N-N-M-T-W-Q-E-W (SEQ ID No. 9) 

or variants of the peptide sequences which comprise amino acid additions, deletions and/ or substitutions in SEQ 
ID No. 2 or SEQ ID No. 3 or SEQ ID No.4 or SEQ ID No. 5 or SEQ ID No. 6 or SEQ ID No. 7 or SEQ ID No. 8 or 
SEQ ID No. 9 provided that said variants immunologically reacts with antibodies raised against SEQ ID Nos. 2 to 9. 

4. The pharmaceutical composition according to any one of Claims 1 to 3, wherein said at least one peptide has 90% 
to 99.9999% sequence homology to SEQ ID NOs.1 to 9. 

5. The pharmaceutical composition according to any one of Claims 1 to 4, wherein said at least one peptide is glyc- 
osylated, has introduced therein two cysteine residues to form a disulfide bridge or is phosphorylated. 

6. The pharmaceutical composition according to any one of Claims 1 to 5, wherein said at least one peptide has 
linker sequences attached to the N- or C- terminals. 

7. The pharmaceutical composition according to Claim 6, wherein said linker sequences are fatty acids. 

8. A composition comprising at least one of the peptides according to any one of Claims 2 to 7. 

9. The pharmaceutical composition according to any one of Claims 1 to 7 orthe composition of Claim 8, wherein said 
at least one peptide is an antigen. 

10. Use of the pharmaceutical composition according to any one of Claims 1 to 7 or the composition according to 
Claim 8 for production of a drug. 

11. Use of the pharmaceutical composition according to any one of Claims 1 to 7 or the composition according to 
Claim 8 for production of a vaccine. 

12. A vaccine comprising at least one of the peptides according to any one of Claims 1 to 7; and a pharmaceutical^ 
acceptable vehicle. 

1 3. The vaccine according to Claim 12, the pharmaceutical compositions according to any one of claims 1 to 7 or the 
composition of Claim 8, further comprising an adjuvant. 

14. The vaccine, the pharmaceutical compositions orthe composition according to Claim 13, wherein said adjuvant 
is selected from the group of: Complete Freund's Adjuvant, Incomplete Freund's Adjuvant, motanide incomplete 
seppic adjuvant, the Ribi adjuvant system, Titer Max, muramyl peptides, Syntex Adjuvant Formulation, aluminum 
hydroxide, aluminum phosphate, aluminum salt adjuvants, Gerbu® adjuvants, nitrocellulose absorbed antigen, 
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encapsulated or entrapped antigen, Quil A and QS-21 , CpG oligonucleotides and double stranded RNA molecules. 

1 5. The vaccine, the pharmaceutical compositions or the composition according to any one of Claims 1 to 1 4, wherein 
said vaccine, pharmaceutical compositions or composition is presented in a multimeric or polyvalent manner. 

5 

16. The vaccine, the pharmaceutical compositions, or the composition according to anyone of claims 1 to 15, wherein 
said vaccine, pharmaceutical compositions or composition is encapsulated with a polymer, liposome or micelle. 

17. A nucleic acid encoding the peptides of any one of sequences SEQ ID Nos. 1 to 9 and 11 to 1 8 or a sequence 
10 hybridizing under stringent conditions with the sequences thereof. 

18. Monoclonal antibodies, polyclonal antibodies, oligoclonal antibodies or antibodies with a restricted specif icity raised 
against any of the peptides of any one of Claims 1 to 4. 

15 19. Human monoclonal antibodies reacting with any of the peptides of any one of Claims 1 to 4. 

20. The monoclonal antibodies, polyclonal antibodies, oligoclonal antibodies or antibodies with a restricted specificity 
according to Claim 1 8 or Claim 1 9 which are neutralizing antibodies. 

20 21. A method for detecting the presence of HIV in a biological sample, comprising contacting the biological sample 
taken from a mammal with an antibody of Claim 18 or Claim 19 under conditions that allow the formation of an 
immunological complex; and detecting the immunological complex that is formed. 

22. A kit for detecting HIV comprising at least one antibody of Claim 18 or Claim 19 , reagents necessary for the 
25 immunological reaction and reagents necessary for the detection of the immunological complex. 

23. Use of the antibodies of Claim 1 8, Claim 19 or Claim 20 for immunotherapy to prevent HIV infection. 

24. Use of the peptides according to any one of Claims 1 to 4 or the antibodies according to Claim 18, Claim 19 or 
30 Claim 20 to treat or prevent HIV infection. 

25. A method to measure the presence of neutralizing antibodies in a biological sample from a mammal comprising 
contacting the biological sample taken with a peptide according to any one of Claims 1 to 4 under conditions that 
allow the formation of an immunological complex; and detecting the immunological complex that is formed. 

35 

26. A kit to reduce to practice the method according to Claim 26 comprising at least one peptide according to any one 
of Claims 1 to 4, reagents necessary for the immunological reaction and reagents necessary for the detection of 
the immunological complex. 

40 27. Use of the peptides according to any one of Claims 1 to 4 in an immunological assay for diagnosis of HIV positive 
individuals considered as non-progressors (NP) compared to progressors (PR). 

28. A purified peptide comprising at least one of SEQ ID Nos. 1 to 9 and 11 to 18 or of sequences having 90% to 
99.9999% homology to SEQ ID Nos.1 to 9 and 11 to 1 8. 

45 

29. Use of the purified peptide according to Claim 28 to isolate anti-HIV molecules. 

30. A method of selecting or isolating anti-HIV molecules comprising attaching the peptides of Claim 28 to a solid 
support; incubating with a caveolin preparation or with the C-20 peptide in the presence of anti-HIV molecules that 

50 prevent the interaction of caveolin or the C-20 peptide with said attached antigens; and selecting or isolating said 

anti-HIV molecules. 

31. Use of a complex of caveolin or C-20 peptide bound to a least one purified peptide of Claim 28 to prevent HIV 
infection. 

55 

32. The pharmaceutical composition according to any one of Claims 1 to 7 or the composition according to Claim 8 
or the antigen of Claim 9. wherein the at least one peptide or antigen is associated covalently or non-covalently 
or is in a mixture with a foreign peptide or a foreign antigen. 
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HIV-TR Caveolin-FITC Merge Phase Contrast 




FIGURE 1 
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Consensus Sequence in the gp41 Ectodomain Containing 
the Caveolin Binding Motif (-W-X-X-X-X-W-X-X-W-) 
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Consensus sequence in the HIV TM glycoprotein ectodomain containing the 

Caveolin Binding Motif (-W-X-X-X-X-W-XXW-) 
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FIGURE 7 
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Pharmaceutical composition comprising at least one of the 
following peptide sequences: WXXXXWXXW (SeqID No.l), where W 
is tryptophan or an aromatic acid and X is any amino acid 
that is not aromatic or an antibody against said peptide 
used for treating or in a method for diagnosing HIV 
infection. 



2. Claims: 1-29, 32 (all partially) 

Pharmaceutical composition comprising at least one of the 
following peptide sequences: LEQIWNNMTWMQWDK (SeqID No. 2) or 
an antibody against said peptide used for treating or in a 
method for diagnosing HIV infection. 



3. Claims: 1-29, 32 (all partially) 

Pharmaceutical composition comprising at least one of the 
following peptide sequences: LTPDWNNMTWQEWER (SeqID No. 3) or 
an antibody against said peptide used for treating or in a 
method for diagnosing HIV infection. 



4. Claims: 1-29, 32 (all partially) 

Pharmaceutical composition comprising at least one of the 
following peptide sequences: C TT A VP WN AS WS NK S L EQ I WNNMTWMQ WD K 
(SeqID No. 4) or an antibody against said peptide used for 
treating or in a method for diagnosing HIV infection. 
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Pharmaceutical composition comprising at least one of the 
following peptide sequences: CHTTVPWPNDSLTPDWNNMTWMQWDK 
(SeqID No. 5) or an antibody against said peptide used for 
treating or in a method for diagnosing HIV infection. 



6. Claims: 1-29, 32 (all partially) 

Pharmaceutical composition comprising at least one of the 
following peptide sequences: CHTTVPWPNDSLTPDWNNMTWQEWER 
(SeqID No. 6) or an antibody against said peptide used for 
treating or in a method for diagnosing HIV infection. 
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treating or in a method for diagnosing HIV infection. 



8. Claims: 1-29, 32 (all partially) 

Pharmaceutical composition comprising at least one of the 
following peptide sequences: WNNMTWMEW (SeqID No. 8) or an 
antibody against said peptide used for treating or in a 
method for diagnosing HIV infection. 



9. Claims: 1-29, 32 (all partially) 

Pharmaceutical composition comprising at least one of the 
following peptide sequences: WNNMTWQEW (SeqID No. 9) or an 
antibody against said peptide used for treating or in a 
method for diagnosing HIV infection. 
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Pharmaceutical composition/method for preventing/diagnosing 
HIV infection and method of selecting or isolating anti-HIV 
molecules comprising the use of at least one peptide 
comprising the sequence: WXXXXWXXW and a caveolin 
preparation/C-20 peptide. 
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